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PREFACE TO THE THIRD 
EDITION 


It is highly gratifying to the author that the continued 
welcome g^ven to this book by practitioners, teachers and 
students of medicine justifies the appearance of a neu edition. 

In the endeavour to meet the needs of those for whom the 
boolc is intended, no efforts have been spared to render it 
simple, concise and adequate, the chief aim throughout 
having been to treat “ High Blood Pressure ” in a practical 
manner. 

To this end, and in order to present the subject in readily 
assimilable form, although the main outlines remain the 
same, the Third Edition has been so largely reirrittcn as in 
many respects to constitute a new book. 

As the result of present-day research and enlarged personal 
experience, salient points have been stressed, much relevant 
matter has been included, and much that was becoming out 
of date deleted. TSventy-four fresh illustrations have been 
added, and seven old ones replaced. 

Careful reinsiou has been made of sphygraomanoraetric 
methods and instruments, particularly those that are 
objective and self-registering. 

The significance of mean arterial pressure has been 
discussed, and standard pressures at various ages have been 
revised to accord with the latest observations. 

The section on hyperpiesia has been considerably amplified 
in the light of modem work. In like manner arteriosclerosis 
and its relations v,*itU hyperpiesia have been dealt with. 

The caasation, significance, varieties, sjTnptomatoIogy, 
associations and effects of high arterial pressure states have 
been extensively considered, while prognosis and end-results 
find appropriate mention. 

Jly grateful thanks are due to numerous friends for valued 
help ; in particular to Dr. Fortescue Fo.x, who finds nothing 
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to modify in his useful contribution on “ fiatlis and Waters,” 
and to Dr. linyvett Gordon, who has kindly revdsed for mo 
the section on. bacteriological and histological diagnosis. I 
am also indebted to the Editors of the Lancet and tlie Medical 
Press and Circular for permission to utilise rcspectis'e articles 
from my pen on ” Graphic Blood Pressure Records ” and on 
“ Slilestones in the History of Blood Pressure ” as bases for 
corresponding portions of Chapters III . and XV. ; to Messrs. 
Hawksley & Son, Short &, Mason, Ltd., the \V. A. Baum 
Co. Inc. (New York), Boulitte (Paris), and Professor J. 
Plesch (Berlin) for illustrations. 

Last, but by no means least, I have to thank m3’ publishers, 
Messrs. Wm. Heinemann (Tkledical Books) Ltd., for their 
courteous and evec-rcady help. 


LOKDOy. W. t. 
July. 1834 . 



PREFACE TO THE SECOND 
EDITION 


The very cordial reception accorded by the profession to 
the first edition of “ High Blood Pressure ” appears to have 
justified its presentation as a text-book intended primarily 
for the use of general practitioners. 

The Second Edition includes the most recent work on 
high arterial pressure and the diseases of which it is a 
symptom. The uhole book has undergone careful revision : 
several chapters have been amplified, whilst much that was 
hazarded tentatively in the previous edition is now stated 
definitely on the ground of further considerable experience 
and iiersonal observation. Many new illu.«trotions, charts 
and tables have.been added. 

The terms ‘‘hyperpiesis/’“hypcrpiesia” and "hj-pertonia” 
are still so loosely employed that in Chapter V, the author 
has endeavoured to clarify the relationships of these terms 
by a new classification based on fundamental phj'sical lavs. 

In Chapter X. nill be found a series of observations on 
simultaneous brachial pressures in pulmonary tuberculosis. 

Biochemistry, uhich has made such important strides in 
elucidating many vital processes hitherto but vaguely appre- 
ciated, is rapidly adding its quota towards the better under- 
standing of changes in arterial pressure under conditions of 
disturbed metabolism. Tliis subject, as well as various 
modem modes of treatment, has in the new edition received 
due notice. 

The author’s grateful acknowledgments are due to many 
friends : in particular, to Dr. B. Fortescue Fox for kindly 
contributing an Aijpendix to Chapter IX. on “ The Treat- 
ment of Arterial Pressure by Batbs and Waters " ; to Dr. 
Henry Ellis for valuable help on the biochemical side and 
for useful suggestions on classification ; to Dr. Sidney Bontor 
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and to Dr. A. F. Bill (Davos) fot renewed assistance in the 
arclxious task of proof-rovision ; to Dr. J. W. W. Adamson, 
Mr. H. L. Attwater and Mr. H. Robinson for various practical 
liints. 


Lo'^nos, W. I, 
jvnt. lose 


J. F. H. D. 



PREFACE TO THE FIRST 
EDITION 

Within recent times blood pressure has become the object 
of widespread and increasing attention. Tlie reasons for 
this are not far to seek. On the one hand, the modern 
physician is stud3’ing his patients with greater care, and as 
an aid to accurate iliagnosis and treatment makes more 
frequent use of the sphygmomanometer ; on the other hand, 
public interest has been aroused to the importance of high 
arterial pressure by reason of the greater prevalence of the 
causes that induce it. In the words of Warfield, “ there 
can be no doubt that arterial disease in the comparatively 
young is more frequent than it was twenty-five years ago, 
and that the mortality from diseases directly dependent on 
arteriosclerotic changes is increasing.” 

The ejdgencies of daily professional work preclude lengthy 
study of the extensive, scattered, and to some extent incon- 
clusive literature which has grown up around the subject of 
blood pressure, especially of late years. As is only to be 
expected in a matter which admits of no absolute finality by 
the very nature of the human elements concerned, measure- 
ments cannot he stated in precise mathematical formula!. 

The aim of this manual is to present to the general practi- 
tioner in condensed and applicable form tlie modem views 
regarding blood pressure, and thus, in some instances, to 
supply a lack wliich has been present since his student days. 

The book has been written in response to numerous 
requests from medical men actively engaged in the practice 
of their profession for a concise and handy' volume in which 
they can readily find expressed in simple terms the essentials 
which they require to know. 

Beginning, therefore, with a consideration of basic 
principles and technique, I have developed my’ thesis so as 
to emphasise the imi>OTtance of the true index of dia«toUc 
pressure and the necessity of recording by the most suitable 
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method wjiat I liaro termed “ the complete arterial pressure 
picture,” thus gradually leading up to a conception of 
abnormal arterial pressures as symptomatic of various 
underlying causes, certain of which are known, whikt 
others are as yet imperfectly understood. In the light of 
these premises, I have dealt with the control of high arterial 
pressure, bringing it into line with the preceding contents 
in the endeavour to render the conclusions based on personal 
experience a guide and help in daily practice. 

By reason of their importance, arterial pressures in 
pulmonary tuberculosis ami in relation to life assurance 
have received special notice iii separate chapters. A review 
of the historical aspects of blood pressure estimation has 
been taken out of chronological order and relegated to the 
end of the book, so as not to break the sequence of more 
practical issues, but at the same time to render it available 
to those interested in the development of modern methods 
and technique. 

In a volume of this size it has been thought well to ovoiil 
loading the text with note’ of the ma«s of Utcrature con* 
suited. Should the reader desire further information touch- 
ing various matters upon njiich considerations of space have 
forbidden me deeply to dwell, a list of the clJef references 
is appended. In medicine there is no ** always ” and no 
“ never.” Hence I crave indulgence if the reasons for the 
faith that is in me arc not, on every occasion, set forth in 
detail, or if, within the compass of these pages, individual 
mention of other writers to whom I am also indebted has 
not always been possible. 

To colleagues and friends who have lielped me with 
practical suggestions I tender my grateful thanks, in 
particular to Dr. Sidney Bonlor for much sound advice and 
valuable criticism, and to Dr. Peter JfUes for kindly reading 
through the proof-sheets. 

J. P. HALLS DALLY. 

93, H^SLzr Stwset, 

1 . 05 P 05 , tv. 1. 
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HIGH BLOOD PRESSURE 

ITS VARIATIONS AND CONTROL 

CHAPTER I 
General Considerations 

/ " Lite is aliort } art » long; o^petteno® is WUctous, and judgoicnt difScult.” 
' HrppocKATES ! Aphorunx 1. 

“ Evety man's own reason is bis best (Edipus, and wi]| upon a reasonable 
truce find a to loose those bonds wherewith the subtleties ot error bare 
enebamed our more flexible and tender judgmcDt.” 

Sot THoatss CROw:re ; Mt^%o lltixei. 

JIedicine is an art, and, since the human factor precludes 
reduction of clinical data to exact mathematical formultc, 
the use of a single method offers no royal road to suceoss. 

The fundamental characters of the circulation are still 
acknowledged to be in the main identical with those por- 
trayed by tlio immortal Harvey,^ to whom, incidentally, the 
capillary circulation was unknown, j-ct, particularly during 
the past half-century, detailed investigation, aided by the 
employment of instrumental methods, has had the effect of 
modifying many of our previous concepts. Among the 
appliances which aim at a Iiigher degree of precision than 
can be attained by the unaided senses, however specialised, 
of the physician, the spliygmomanorafiter has met with a 
large and increasing measure ol recogmlion. 

The following pages constitute an attempt to indicate tho 
position of sphygmomanometry in clinical medicine, and at 
the game time to assess both its advantages and its limita- 
tions. A good servant but a bad master, its findings must 
ever be viewed in their due perspective. To disdain, how- 
ever, to profit by its aid, no longer accords "with tho prestige 
of a self-respecting practitioner of the Jiealing art. 

Pre.sent-day clinical estimations of arterial pressure in man 
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Tiius digital iavestigation is inadequate. Further, it may 
even be most misleading in cases where the pulse is “ small,” 
where hypertonia is present, or Avhere the limb is adipose. 
.In short, for a large propoition of cases palpation of the 
pulse uill afford no more exact information than that yielded, 
in the absence of a clinical thermometer, by a conjecture as 
to the height of a patient’s temperaturo by the feel of the 
skin. To measure arterial pressure takas less time and 
trouble than to test the urine, and often proves of equal or 
greater value. 

It is now generally' realised that dei)arturea from physio- 
logical blood pressure standanls arc symptomatic of some 
underlying condition. 

As regards transitory variations, abun<lant evidence is 
forthcoming that these constitute on tlio part of the orgaiusra 
an e.vpression of reaction capable of modification within a 
wide normal rango to meet the varying physiological needs 
of daily life. 

Apart from such simple and well-recognised causes, we 
liavo to consider variations in blood pressure, whether 
temporary or permanent, uhich arise from pathological 
conditions the primary nature of which cannot always bo 
fully determined. In like manner, these deviations are 
symptomatic of the underlying cause or causes upon 
due appreciation of which successful management must 
depend. 

The pressor effect of supernormal arterial pressure 
would appear to be exerted primarily upon the central 
nervous system rather than upon the peripheral circulation. 
Impaired blood supply to the vasomotor centre in the 
medulla is admitted as a cause, but in many cases cannot be 
ascribed to arteriosclerosis of the vessels supplying the 
centre. The pathological cause, as suggested by Cushing, 
is of pit\iitarj' origin, and the primary causes inducing these 
effects, at any rate as regards hj'perpiesia, are probably 
psychical or toxfcmic. 

Hence we are forced to abandon the older view that 
abnormal blood pressure of itself is a state which necessaril}' 
calls for drastic treatment by drugs in order either to raise 
the pressure when unduly low or to lower it w'hen unduly 
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liigh, for if tlie nature of the cause be not tmderstood, 
efforts on these lines ■will not only produce no improvement 
in the patient’s health, but, on the contrary, are apt to 
induce subjective discomfort, if not indeed actual barm, 
even to the extent of culmination in a fatal issue. 

In control of abnormal pressure states, the best prospect 
of relief to the patient is derivetl from close co-operation 
betu'een the medical attendant and the consultant. In 
many cases improvement is necessarily gradual, so that 
careful assessment and revision of the effects of therapy at 
definite intervals are advisable. 

Are the Results of CHnicnl Blood Pressure 
Estimation accurate ? 

Clinical estimations of blood pressure are approximate 
because they are indirect, and should not be regarded na 
exact in the strict mathcumtical sense. Nevertheless, 
thanks to the increasing |>erfcction of pre«ent*doy technique, 
it is now possible to determine botli diastolic and systolic 
pressures with equal facility and accuracy, so that the results 
are almost as exact as those obtained in laboratory experi- 
ments by direct racasiireDient. and for clinical purpoaes 
may be regarded as perfectly reliable.*’ t 

Carefully recordecl blood jiresstirc readings furnish us with 
information which is often of the greatest practical help, 
and, as personal experience grows, their value and import- 
ance become increasingly evident. Not only is this true for 
circulatorj' disturbances, but for many general diseases in 
tlio elucidation oi uliich the sph^gmoinanomctcr is often 
of tiic greatest ft'^sifetaneo anil will save the practitioner from 
making imany mistakes. 

Being satisfied that the present -<la^ methods of estimating 
arterial pre.s^ure arc reliable, in the next place it is necessary 
to consider the v.'ilue and significance of the results obtained. 
Pcojicrly to assess lliese we must know : — 

1. The best practical method of taking arterial pressures 
(Chapter II.). 

2. The fundamental factors in their causation and main- 
teuance (Chapter IV.). 
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3. The physiological limits within which arterial pressures 
may vary (Chapter V.). 

4. The causes and significations of departures from the 
physiological standards for age and weight (Chapters VIII., 
IX. and X.). 

5. The nature of the steps to be taken when necessary to 
control such departures (Chapters XI. and XII.). 



CHAPTER II 


The Clikicai- Estimatiok of Blood Pbessitre 

" I rrzanl ttu* eieaanrcinrnt of blood pressure u tb<» most important of oil 
tbc rcfomrca tliat bare been added to oar armamcoUnum la tbe bst fifteen 
jeam.” Gabot, 1013. 

When should Blood Pressure be taken ? 

1. At tho first examination as a guide to cliagno'is, prog- 
nosis and treatment 

2. iSuij^cquently at intervals to register progress and to 

a«eertain the value of certain lines of management, p.ar- 
ticnlarly in («) eanliovoscular disturbances , (b) renal 

disease; (c) hyperthyroidism, (</) pulmonary afToctions, 
especially tulicrculosis ; (e) jisycliical states; (/) cerebral 
and abdominal in juries and diseases ; ( 5 ) obstetrics, including 
eclampsia, and gynjecology; fA) ana-sthesia and surgerj*, 
before, during and after operation , ( 1 ) intravenous injec- 
tions for syphilis. 

3. At any examination involving physical or mental fitness, 

4 . All subjects above middle age «houltl be encouraged to 
prc«ent themselves for spliygmomanoniotric inrcNtigatlon at 
least once yearly, since one is thus enabled to discover nben 
their arterial pressure is beginning to mount beyond standard 
limits, and to adopt measures of precaution by «lucli in the 
majority of cases life can probably be prolonged 

The Standard Measure of Arterial Pressure 

The generally accepted standard is the height in milli- 
metres of a column of mercurv. or an equivalent measure in 
instruments calibrated from that source. 

The Standard Width of the Compression Armlet 

The distensible elastic rubber cuff, encircling tbe arm and 
surrounded by an e\temal incxpansiblc fabric, should Iiavc 
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a width of not less than 12 cm. when used for auditory 
determination of arterial pressure in adults, and of 9 cm. 
for children. If the cuff be narrow er tlian tlie standard width, 
all readings will be too high. For infants and small children 
it is often convenient to measure the pressure in the femoral 
arterj*. 

THE FIVE METHODS OF ESTIMATING ARTERIAL 
PRESSURE 

All the methods of estimating arterial pressure fall under 
five main heads . — 

1. The Auditory' Method. 

2- The Tactile Method. 

3. The Vibratory Method. 

4. The Oscillatory Method. 

5. The Graphic Method. 

1. The Auditory or Auscultatory Method 

Since 1903, when Korotkow * suggested the estimation of 
arterial pressure by auscultation, this method, by reason 
of its simplicity, quickness and accuracy, has come to be 
largely adopted as a routine measure. 

The Auscultatory Arterial Pressure Phenomenon. — On 
placing the bell of a binaural stethoscope (or an auditory 
tambour) over the brachial artery at the bend of the elbow 
and just below the zone of compression exerted by a circular 
pneumatic armlet, on gradually lowering the pressure w’ithin 
the armlet, a series of sound.s becomes audible. These 
sounds, while presenting similar general characteristics, 
nevertheless, in individual cases, show variations from which 
useful deductions in respect of diagnosis may be d^a^m. 

THE FIVE POINTS AND PHASES OF SOUND IN 

THE NORMAL AUDITORY CURVE 

At certain points the character of sounds changes, the 
duration of successive zones of sound between any two 
successive points, as measured in millimetres of mercury’, 
being termed phases. 
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As the armlet pressure is lowered, the five phases of soimd * 
(Fig. 2) occur in the following order : — 

1. Clicks. 

2. Murmurs. 

3. Thuds. 

4. Dull Sounds. 

5. Silence. 



Fio. 2.— The five phases ol sound of the auditory sequence. I, cUchs ; 
II, mormuTs; III, thuds; ]V, dull sounds, V, silence. 31, zone 
of munnurs, caused hj eddies in the blood current ; T, zone of 
thuds, caused by yibratioas of the arterial wsJI. S, lerel of sjstolio 
pressure ; D, leTel of diastcrfic pressure. 

1. The First Point. — The first point comcide.s with the 
appearance of the first sound or click. In reality, it measures 
the sura of the sj’stolic pressure head, velocity head and such 
increment as may be due to water hammer.^® 
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These clicks together constitute the first phase, winch is 
\isnaUy only of a few miliimetics’ dnration. 

2. The Second Point. — The second point ushers in tlie 
second phase, and is recognisable by either the addition of a 
soft blowing murmur to the clear sound, or its entire replace- 
ment by the murmur. This phase is usually longer than the 
first one. 

3. The Third Point. — The third point occurs wivon the 
murmur disappears and gives placo to a zone of sounds 
soinenliat similar to those of tho first phase but louder, and 
becoming gradtiall 3 ’ more accentuated and throbbing in 
character. This crescendo sequence of clear thudding sounds 
constitutes the third phase of sound. 

4. The Fourth Point.— The fourtli point is reached at 
tho iri'^tant uhen tho terminal louilest tluuls of tho third 
phase abruptly lose their special qiiaUtj’ and are succeeded 
by a zone, either short or long, of miiflletl and dull sounds, 
tailing off into silence. These ueakor sounds represent tlio 
fourth phase, tho be^inninq of wliicli, *.e , the first dull sound 
foUounng the last thud, »s the auilitory index of tlic minimal 
(diastolic) prcssuic 

5. The Fifth Point.— The fifth point registers tho dis- 
appearance of all sound. 


Analysis of the Five Phases of Sound 

Exiicriracntal and clinical rc-searches on tho protiuction 
of tho five phases of sound Ixave been made by numerous 
workers,’®' **> m particular by Gallavardm 'b ** and 
his pupil Barbicr.^’ to whose wTitings the reailcr is referred 
for fuller details. 

Theso obsoiwcrs liavo cstablislied tlie jircscncc of tiro 
zone^ in the curie of sound* one occupying the upper 
half of the curve with if.s maximum near S, caused hij eddies 
in the blood current partaking ordinarily of the character of 
murmurs ; another occupying the lowvr Iialf of the curve 
with its maximum near 1), composed o/ soinirfs on’ghmfiiip 
jji the vessel wall, and vhoHi intensity is clc.arly related 
to tho state of excitability of t!i© periarterial fit-mpathetic 
system. Normally thc«e two zones overlap in tho middle 
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of the auditorj' curve which is the synthesis of these two 
zones of differing origin (Fig. 2). 

Detailed investigation of each sound phase reveals the 
following characteristics (Fig. 3) ; — 

First Phase. — The sounds are small and light. Frequentlj* 
the first click is clearer and sharper than the few which 
immediately follow it. Very often the sounds speedily take 
on a murmuring tone, uhich relegates them to tho second 
phase, tho first phase then being much abbreviated. 

Tho sounds are light because it is only the crest of the 
systolic wave which causes the walls of tho artery slightlj’ to 
separate with the least amount of vibration. Tho duration 
of opening of the artery is very brief, and the amount of 
blood in movement minimal, both of which condition.? are 
unfavourable for the production of any considerable blood 
murmur. If tho first click is a little stronger than the 
following ones, tho reason is because it has to open up tho 
obliterated artery, w’hilo succeeding waves have not to 
overcome a like inertia, since they come upon an arterial 
door which does not so readily shut. 

The first sharp click, tchich denotes the beginninp of the 
first phase, is the auditory index of the maximal {syitolic) 
pressure. 

Second Phase. — Tliis zone of murmurs, with its phenomena 
more defined and easier to follow, is due to eddies in the 
blood current as it traverses the arterial constriction and 
drops from a raised pressure to a lower one on entering the 
uncompressed portion of tho brachial beloiv the armlet. 
Thus the murmurs of the second phase are related with a 
lack of pressure balance between the segment of the artery 
above the armlet and the segment distal to it, which is in a 
state of relative hj'potension. 

That these murmurs really originate in tho blood is proved 
by the following observations : (o) An Esmarcli's bandage 
applied to tho middle third of the forearm induces an in- 
crease of pressure at the level of the distal arterial segment, 
and so has tho effect of suppressii^ the murmurs. 

(6) The murmur phenomenon is much more obvious with 
gradual decompression than with a rising external pressure. 
In the former, the first blood waves find the artery almost 
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empty, hence the murmurs ; in the latter, the jirogrcs'iivc 
compression exercised hy iho armlet has Irom the outlet 
Jiindered the escape of venons blood, whilst the arteries 
remain foil ; the arterial segment thstal to the armlet is 
embarrassed, its pressure is Icept high, and mtirmuia are, 
therefore, absent, (c) Tbo most important proof, Jioa-cvcr, 



Pio. 3.— Dwgwm to iliuUr»t« ike ekanwtenrtif' change of lone and 
spproiiauktc length ol the |>hsvB of wund hoftrd through the atetho* 

1. The firrt wnind A »h»»p elicl. The uidei of »y«te>hc pTcasorc. 

In the nbnve dinffrem this {<ha«p enven 1-t mtn. 

2. A lone of munnnn teeeaMmg heart njotmura Is i>K;turc<l Iwre 
«8 Usling 20 mm. 

3. A rone of clear thiuJii some«K«t like the dnt sound, litii gene- 
rail}' loiirier, anrl ronttnmng for almut 4 mni. of (lie aralc rcuding. 

4 Dali sounds. The I>cgiaoii^ of thn fourth phase i* (ho ind>*s of 
diastolic pressuiv. Of vsnabfc duratiOR from 3 mm cve-n up to 
55 mm 

lies in the fact that tlio murmur is a transitory plieiionienon. 
After prolonged compression for twenty to thirty licats, the 
murmur Icsscm and then disappears, tlie armlet acting like 
an Esmarch’s tourniquet in impeding venous outflon'.*’ 
(d) The murmur can l>o brought bach by promoting ovncu.a- 
tion of the distal segment by light massage of the superficial 
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veins of the forearm or by movements of the hand, (e) The 
murmur zone corresponds to a period during which oscillo- 
metry registers only feeble espansioas of the vessel wall. 

Arterial tonus, nevertheless, can come into play even 
tliough the phenomenon be related to the blood much more 
than to the vessel wall. 

Third Phase. — The sounds of the third phase assume 
more or less quickly a special quality. They become loud 
and intense, sounding “ like the throbbing of a drum or 
tho beat of a gong,”*® and, after reaching a maximum, 
abruptly lo«e their special character. It is interesting to 
note that this series of thuds coincides exactly with the phase 
of brachial vibration, whilst the oscillometer needle during 
this period also manifests a dchnitely abrupt swing (p. 47). 

During this phase the artery does not undergo complete 
collapse, but, opened by each larger systolic wave, resembles 
a door closed by a gradually relaxing spring and opening 
with a sudden gu.st of wind. Compression of tho tissues 
caused by the armlet represents tho spring closure, whilst 
tho systolic wave represents the sudden gust of wind. Tho 
sounds produced in the wall of the artery as a result of this 
brusque opening arc directly proportional to the forces of 
opening and closing. If the artery, feebly closed by an 
insufficient force, is violently opened by a strong wave, a 
loud vibrant tone is produced. The variable resistance 
agaiast which the door closes is the armlet, which, adapted 
to the artery, with each expaasion sustaias an impact.*’ 
‘‘A loud tone may bo produced by a stiff artery and 
a slow stream, or by an clastic artery and a rapid 
stream.”** 

” The third sound phase is thus directly related to tho 
tonus of tho artery under investigation ; normal or increased 
tonus will give for the same blood wave an arterial sound 
vibration much more thudding and loud than will an artery 
wth flaccid walls, and it is for arteries with normal or 
heightened tonus that the simile of the tap of the drum can 
be employed vith greatest accuracy. The sympathetic 
intervenes as the tightener of the arterial drum, regulating 
at each instant tho sonorous properties of its wall.”*’ This 
ejuni)athctic action, evoked by the constriction of the armlet, 
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rari^ considerably in different perbons, even undei JiJ;e con- 
ditions of blood prc«suro and heart rate. Tlie proofs of this 
aro that (1) normally the arterial sounds are more intense 
at the first than at subsequent readings. With repeated 
compres-iion they dlminisii from minute to minute ; tite 
sympathetic, u hieh at the outset has put forth its ma.xhnum 
action, flags, and the artery little by little lo<es its sonorous 
properties. (2) Rapid compression up to 300 mm. al^a^•s 
induces a sudden increase in sound, ssdiich is transitoiy and 
folloned by rapid diminution. Strong compre.^ion provokes 
energetic va^o-constnetion, but the sympathetic tiics more 
fpiickly in response to a single sioicnt effort. (3) Application 
of local cold to tho artery, as by a coni]ire*s soaked in ether 
introduced between the arm and armlet , brings about marked 
reinforcement of the sounds,** for cold acts as a potent 
va8o-con?trictor. (4) Injections of xadrenalin or pituitrin 
cau«o ol»o a temporarj' reinforcement. (5) Excc«s or lock 
of sympatUctio tono finds in the arterial eoimds a faithful 
mirror which renders the auditory method a simple means 
of investigating bympathetic action. 

In irregular iicarts tJien* is marked difference in intensity 
between successive sounds (“ tonal arrhythmia " of Goodman 
and Houcll).** lioud sounds occur njtli rapid blood flow ; 
and it 19 interesting to note tlial in anemic states the sounds 
are also lou«l and clear, although hero they bear no true 
relation to the cardiac energy TJu.s paradox is due to 
loss of vasomotor tone m association with atrophy and lack 
of nutrition of the mu«cul.ar coats. “ In polycytluemia the 
sounds have a curious, dull, sticky character, and cannot be 
difTerentiated into phases In not all cases can all pliases 
Ikj made out. It is usually the fourth pliaso wiiich fails to 
1)0 heard. In such cases the loud third tone almost imnte* 
diatoly p.asses to tho fifth pliase.”** 

Fourth Phase< — Tie change from loud IhuJe to dull sounds, 
tekich marU (he beginning of Ike fourth phase, is (he auditory 
vndss cf w.swiwul pmav&tt. “ It v> iW 

ance of dull sounds and not tlic disappearance of all sound 
that indicates the diastolic pressure.” ** 

The sounds are inconstant, dull, weak and sometime.s 
barely perceptible, being proportional to the suddenness and 
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amplitude of the arterial oscillations. This phase is due 
to change from an external pressure sufiRcient to cause 
distortion of the circular tube to one insufficient to cau^e any 
flattening, t.e., an external pressure equal to the internal 
diastolic pressure. 

The duration of the fourth phase varies from 3 mm. even 
up to 55 mm. Hg, a short phase being usuall 3 ’’ associated 
with high pressures, rvliilst a long pliase is often met with in 
normal or low pressures. The average length is much greater 
than formerly believed, anti there is no constant relation 
to variations in pulse rate, sj’stolic pressure or differential 
pressure. “ 

Fifth Phase. — The fifth phase of silence ensues u hen the 
artery is relieved from the compression exercised bj’ the 
armlet. 

Although the auditory series of sounds follows a broad 
general tj’pc, shown in Fig. 5, denoting good functional 
equilibrium between heart and arteries, yet notable indi- 
vidual variations may occur. 

Anomalous Auditory Curves 

The physiological theory advanced b^’ Barbier of a 
“ mixed blood and vessel w'all origin of the sounds of the 
auditory curve explains the frequent variations and gives 
to each form of cuiv'e a diagnostic value. 

I. Variations in Intensity of Sounds produced in the 
Arterial Wall. — A long and loud third phase betokens 
vigorous cardiac systole or a moderate degree of arterio- 
sclerosis, but if the latter be of Wgh grade or attended with 
calcification, the intensity of the sounds is much diminished. 
The sj’mpathetic plays an important part also in arterial 
tonality, and speciallj' in the genesis of vibration, which 
strengthens witliheightenedsympatlietioexcitability (hjqicr- 
syropatheticotonus), as in larval or developed Graves’ 
disease, and weakens (a) in diminished sympathetic excita- 
bility ^hyposympathetic ■'tonus), after stimulation by cold 
or adrenalin ; (6) in all valvular or circulatory insufficiencies, 
including clironic heart-muscle weakness ; and (c) in arterial 
hypotonia. 
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Abnormal Persistence of Sound Production. — There mny 
be pereisteiice of eountl through the nonnaUy eilent fifth 
phase. 

(1) In ca.«e5 of collapsing pulse, even in the absence of 
compression by an armlet, sound vibrations are set up in the 
arterial waU. Their production depends upon reduction of 
diastolic distension combined with a considerable or sudden 
systolic increase of prwsurc head. Hence the loud " pistol- 
shot ” sounds of aortic insufficiency in the presence of 
hyperpiesis, caused by vibrations resulting from sudden 
distension of the arterial wall — a water-hammer effect. 

(2) IVith increase in sympathetic excitability causing 
arterial constriction, as in hyperthyroidism, and in slight 
arterial hypertoniis, 

(3) Sometimes, in the absence of disease, distinct, though 
w eak, thuds may persist far below the diastolic level. Under 
certain conditions there may be persistence of sound afior 
the cuff jiressure has fallen belou the pressure necessary to 
cause any flatteniug of the artery, but is still aufflcient to 
diminish the arterial calibre from diastolic site as compared 
uith the artery pro.timal and distal to the length of tulie 
compressed.*** 

II. Vartations in Intensity of Sounds produced [a (he 
Blood Current.— Prolongation of the second phase of mur- 
murs caused by the blood current is due to (a) aniemic states, 
wiuch constitute the chief cause. Sometimes, in e-xtreme 
cases, a true tlirill, accompanying the murmur, may bo felt 
by the finger placed over the bracliial artery, which thrill 
disappears along with the vibration at diastolic level. 
Exaggeration of the murmur zone may also be due to 
(A) sympathetic mftucncc producing a localised arterial 
hj'pcttonus ; (c) modification of the arterial pulse of the 
nature of anacrotism. The murmurs may be entirely 
absent in hyperjiicsis or aortic stenosis, the rate of arterial 
blood flow not lieiiig rapid enough to cau.se a munnur during 
the second phase. An oudttory gap results, since there is 
nothing to supplement or replace the arterial sound which 
during tliat phase weahens or disappears. 

In gentToI terms it may be stated that modifications 
affecting the whole of the auditor}' curx'o are almost always 
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duo to a central cause, cardiac or aortic, wliile modifications 
of a portion only of tlio curve are usually of peripheral 
origin, arterial in kind. FurtJier, the auditory curve may 
bo deficient at one or other extremity, or in the niiddlo 
may present a complete gap, no sound being audible over a 
range usually of about 25 mm. in the position where one 
would normally evpect the second phase. Instead of a gap 
only faint sounds may be appreciable. 

2. The Tactile or Palpatory Method 


In determining systolic pressure according to the principle 
of Riva-Rocci the usual manner of applying the tactile 



Fio. 4.— The tactile method of estimation arterial pressure hy palpation of 
the radial artcTy 


ot palpatory method is \>y TDeans of the pressure bag 
gradually to compress one artery — ^the brachial in the arm — 
uhile noting the disappearance of the pulse by palpation 
over a totally different arteiy — the radial in the foreann. 
Tlie pulse disappears at the moment when the blood stream 
no longer posses'^es enough energy to overcome the circular 
resistance opposed to it at the level of the compressing 
armlet, i.e., when the pressure within the armlet is equal to 
the maximal arterial pressure at the gii'cn point. On 
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progressive decomjiressioti, appearance of the piihe is the tactile 
index of iht inaij'innl pressure. In owlet to avoid extra error 
the only correct way of radial jKili)ation is to allow the 
patient's forearm to rest in a position niidnay betneen 
pronation and supination while the ob?er\'cr lightly 
grasps the patient’s hand, at the same time palpating 
the radial artery with the extended index finger, as shown 
in Fig. 4. 

Since the systolic pressure gradually falling and the 
diastohe pressure is gradually n«ing between the bracliial 
artery and the penpherj’, »s eonfirmccl bj’ numerous com- 
parative experiments wliich I liave performed with diiTerent 
tj-|K‘s of arterial pressure instrument,-* the tactile method, 
as usually practised, has never seemetl to me to give exact 
indication- of either ma.ximal or minimal j>res«ure«, and thus, 
for practical purposes, in the main has rightly Ijeen super- 
seded by the auditory method. 

Xotablo dilTcrences, wliich arc not, however, necessarily 
constant, are at times found l«?tweei) arm and forearm 
readings (a« abo between the two arms, or between, arm and 
leg readings). Such are apparently caused by local condltiona 
of unequal contraction or Jijqiormyotropliy. ■' Diminution 
in the calibre of an artery, if extreme, may infliienco tlie 
propagation of the sptoUc wave, but under the ordinarj* 
conditions of blood-pressure estimation in the arm tJiis 
factor is a negligible one ” ” 

Apart from local influences <luo to the state of the arterial 
wall, sjstolic ]ire«sure cannot be liigJicr in the forearm 
than m the arm, and although there no evidence of any 
imporldH t loss m tnvnsnw^sion of the pul-c \% a\ c from brachial 
to radial, wiice normal arteries, even under widely diflcring 
conditions of tone, po-sess good jumcrof conductance of the 
sx*stohe wave, palpation ol the radial artery iisnally gives 
a reading from about 2 to 10 imw. lover than the braehinl 
syiloUr vressure, which is the pressure thnt in reality we tcish 
to de/er>» tnc. 

I have laid stress upon this point Iwcauec Barbier** 
liclieies that l»ccau«o of the anomalous auditory cunes, 
which are apt to present difficulties, it is indi-jicnrable to 
supi>leTneut the informatJon obtained by the auditory 
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method as to the exact eituation of the systolic pressure 
by radial paIj)ation, wJuIst JtacWilliam and Jleh’in ® use it 
as a check m the routine application of the auditory method. 
They state tluit the auditor^' reading should always bo at 
least as high as the tactile (radial) reading, tJiOugh very often 
it is somewhat higher. An auditory reading lower than the 
tactile one shows that the conditions are such as to invalidate 
the accuracy of both sj’.stolic and diastobc auditory indices, 
a result which is often due to faulty application of the 
tambour over the artery, anatomical variation of the latter, 
etc., and may be remediable. 

Whenever possible I prefer a more exact way of assessing 
the normal relation between auditory and tactile systolic 
and diastolic indices by placing the finger below the bell of 
the stethoscope or auilitory tambour and palpating the 
brachial artery, wlien the first pulsation will be found closely 
to correspond with the first audible click, which denotes the 
level of tlio maximal pressure, wluKt the last notable 
vibration coincides with the last loud thud, which marks 
the level of tlie minimal pressure. Unfortunately, however, 
the brachial artery usually lies too deeply or is too embedded 
in fat for tlus procedure to be applicable, in wluch events 
rocourso must perforce bo had to radial palpation, which, 
although not as* accurate, gives approximate and comparable 
readings. An addition of 5 inm to the reading obtained by 
palpation of tbe radial artery will give a fairly accurate result. 

With an intelligent patient it is often jiossible to check 
readings by the patient’s own sensations. At the moment of 
the first click, a slight sensation may be felt beneath the 
armlet as well as an alteration in intensity of tJie throb at 
the beginning of the fourth phase. 

Cases of nervous disorder attended by extreme tremor 
present difficultly in estimation by means of auditors' and 
tactile methods, and it is not always possible to do more than 
approximate to an exact reading. Ught liypnosis has been 
suggested, but po.ssesscs the disadvantage of cutting out the 
psychic factor, the degree of which at the onset it may be 
useful to determine, although for precise estimation, elimina- 
tion of tlio psycliio factor is desirable, and may largely be 
attained by determination of the residual pressure (p. 27). 




Fia 6.— Diagrarnnjstic eompAnson of currw obbilriFd by the use of the 
OH-iIlutory, palpalo-vibratory and auditory methods of rstimatinj 
artcrtal pressure Curves to be read from k-ft to right, shoinuft vertical 
correspondewces between the levels of 15, the systolic pressure, and of 
1 ), the diastolic pressure. The figures below the auditory curve refer 
to the five phases of sound : 1 =» (Jicko, 2 = miirmnis, 3 = thnils, 
•1 = dull soondfl, S no soond In comparison with Tig. 2, the 
third phase shous slight IcMening in mUiisity of sounds towards 
the end, but the fourth point is well defined. 


intensity sbortly followetl by a series of vibrations which, 
after attaining a fnaximum, decreaeo anil then vanisih. 
Thit of ttansilion from vibration to no vibration marks 
the change from the thinl fo the fourth phase of sound and 
iias lioen strongly advocated by Gallavardin ** as a reliable 
moans of estimating with accuracy the dio^/oh'c index. It 
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can also be employed as an additional check on the anditory 
method, especially in difficult 6r doubtful cases, or if the 
observer’s hearing be not good. ObseES'’ations in my wards 
showed that the diastolic pressure could readily be deter- 
mined by this method in about 60 per cent, of cases where 
the ear was unable to gauge the point at which loud thuds 
gave place to dull sounds. 


4. The Oscillatory Method 

The oscillatory method is founded upon the original 
observation of Marey*^ (1870) upon the amplitude of 
pulsations of a segment of a limb subjected to decreasing 
circular compression. It is only satisfactory' with clinical 
instruments of visual type possessing a large dial and a long 
delicate registering needle, such ns the Tycos “Clime 
Pattern ’’ (which, however, does not register higher readings 
than 300 mm. Hg). or preferably with BouHtto’s Universal 
Oscillometer, which operates with maximal sensitiveness, 
and is thus one of the most accurate aneroid instruments yet 
available. The oscillations of the little needle in the ordinary 
Tycos aneroid and other instruments of similar typo are 
so tiny that it is difficult to differentiate the systolic oscilla- 
tion from those which precede and follow it. 


5. The Graphic Method 

By the systematic use of this method many additional 
data of fresh value and significance have been afforded. In 
comparison with the foregoing, this latest advance possesses 
three important advantages in that it yields (J) automatic, 
(2) graphic and (3) permanent records of arterial pressure.s, 
as well as of individual pulse characters. 

Apart from laboratory instruments of older date, such as 
those of Gibson or Erlanger {vide. Chapter XV.), various 
types of clinical instrument have recently' been evolved, 
namely' the Tonoscillograph of Plesch, tbe Arterial Oscillo- 
graph and the Portable Registering Oscillometer of Boulitte, 
and the Ty’cos Sphygmotonograph. 
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Conclusions 

Pamllel in priiiciple, the fire methods of e5<timating 
arterial pressure are akin in their results.^'- **• For the 
large majority of cawa* — about 90 per cent. — the first four 
methocls can reaihly l>c employctl, even by a novice. In the 
remamvng !(» per cent, sometimes they are tlitfienlt, anil at 
other times, though rarely, impos.sihle. 

Each method naturally has its strong advocates, but in 
the cases nlnch are really doubtful seldom is any one 
method found to possess distinct advantages over the others. 

As a rule the auditory’ method sufncc.s, but although it is 
the most convenient and accurate jet (liscovered. neverthe- 
less uhen used hj itself to determine the sj-stolie pressure 
it has some lunitatious which militate against its universal 
application. 

The bci.V ptocciinTc i'l that which ia liai>ie to tho fewest 
errors, and since unqimhfieil adhesion to the auditory 
method may inislead, 1 am in Agreement in recommend- 
ing for imusiial ca^o.s the employment of a combined 
auditory-tactile method, which presents no added ditilciiities 
and possesses many and great advantages. 

The True Index of Diastolic Pressure 

Uncertainty has been felt in regard to the e.s9cntial 
question a* to what point in the series of auditory pheno- 
mena IS to be taken a.s « tnio indication of diastolic or 
minimum piessme 

. Korotkow * gave as lus criterion the “end tone,” he., 
change from loud to dull sounds (Figs. 2, 3, and 5), which 
occurs at the beginning of the fourth .soiind-phn.so. Certain 
of the earlier observers who followed him regarded neverthe- 
less the low or limit or Citnction of sound (fifth pha.so) as the 
inde.v, since it has been stated to call for the simplest 
technique, and to be raote easily determinetl by unskilled 
observers tlxan any other point. Many others again Ime 
considcreil that the true diastolic point must be somew hat 
higher, ai'kl that it should be placetl just where tlie clear, 
lout! note iW-omcs euddenlv dull and muflletl or distant. 

\ '"i 
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As the result of the investigations of Lang and 
Slanswetowa,*® Fischer,®* Warfield,** Erlanger,®* Taussig 
and Cook,®* Weysse and Lutz,*® supportecl hj' Oliver in 
the third edition of his book, and more recently by Galla- 
vardin,*® any doubt in accepting the beginning of the fourth 
phase as the index of diastolic pressure has been s%vept 
away. The admirable and exhaustive critical studies of 
Professor JIacWilliam, Sjiencer Jlelrin and JIurra}' have 
further succeeded in establishing the correctness of this 
criterion on a firm and unassailable basis. From experi- 
mental observations (1) with a circulatory schema,® (2) with 
animals of sufficient size, such as the sheep," and (3) on 
man,®' using concurrently the autUtory, the tactile and 
the graphic method vith Erlanger's apparatus, and com- 
paring these with visual results obtained by employing the 
Pachon sphygmo-osciUometer with the brachial armlet, 
they find that “ weakening and dulling coincKles uith the 
point at uhich the arterial tube just ceases to be flattened 
by the external pressure between the pulse-beats ; . . . 
vibration associated with the sudden change in the shape 
of the tube is evidently responsible for the character of the 
sound,” and that this point proves “a verj' accurate guide 
to tho intra-arterial diastolic pressure as shown by the 
minimum manometer.” Tliey are satisfied that all the 
evidence as to diastolic pressure gained by other methods, 
and much more also, can be better obtained by the quick 
and simple auditory methoil.* Later the substantial 
correctness of systolic and diastobc criteria was verified by 
Erlanger in a serie.9 of photographic records of movements 
of points on the exposed arterj’ of the dog w hilst xmdergoing 
decompression similar to that in clmical arterial pressure 
determination in man. He stated that the beginning of the 
first sound phase develops shortly after the compressing 
pressure falls below the systolic point, and that the change 
from sounds of sharp quality to dull sounds fairly accurately 
indicates the moment at which the compressing pressure 
falls below the diastolic. 

Notwithstanding this volume of conclusive evidence (to 
w hich tlie reader in search of fuller information is referred) as 
to what constitutes the true criterion of diastolic pressure, in 
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the interests of statistical uniformity it is regrettable to find 
that certain Motkers, knowing the exact index, doHherately 
prefer the much less exact. Notahlx’ is tliis the case with 
certain American life assurance offices, all of whose medical 
examiners hax'c liecn trained to take the diastolic pressure 
at the very end of the fourth phase, just before the beginning 
of silence, lor the alleged reason that this point calls for 
the simplest technique, and is more easily determined than 
the end of the third phase.**' ** Tliat such jiroccdiire is 
incorrect is amph’ proved by Melvin and Muriay,** «ho 
have demonstrated that fAe tengih of (he fonrlh fifme is 
sttbject to tcry cotisulerable tariation Jl mat/ be onii/ a JetP 
millimetreji, or may extend to 55 mm. In the latter case, as 
they state, utterly fallacious results would be obtained by 
taking the lower limit of the sound as the diastolic index. 

Personally I tlunk that objections on tlie ground of 
expcdieney to acknowledging the beginning of the fourth 
phase as the true index of diastolic pressure are more fanciful 
than real, for, given average aiuhtory acuity and icasonahle 
care and attention, no difficulty js experienced in noting 
tlie oxnet transition from loud to dull sounds in a normal 
auditory curx’c. Practically the only cases which are 
likely to mislead the unwary are those in which the third 
phase weak or absent ns a result of insuflicient IJood 
ilow through the lirachinl either from local congestion 
to the armlet or from loss of cardiac etrength. and in 
aortic regurgitation, where the sound is often continued over 
the fifth phase Often, too. in aortic regurgitation the 
familiar loud s^\stohc thud and less frequently the double 
unirniu'. of Ihiroziez are nmliblc ox'er the arteries not sub- 
jected t I catnpress-ion ThepresenceofRiicliROunddoesuat, 
bowoei . as a rule prevent recognition of the (ba«tolic index, 
the siuhren we.akemng and ilullmg being iLsually very well 
marked A. In such ca.scs the tactile f-yslohc index should be 
omplo\ed\ simultaneously os a check. 
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aiidiblo sound (the elide) exactly corresponds to the first 
brachial pulsation. In this way we are enabled definitely 
to establish the first sound perceived as the criterion of 
systolic pressure. Failing this, there is a correspondence 
nearly, although not quite, as exact between occurrence 
of the first sound and of pulsation in the radial artery, the 
return of the pxilae wave in the latter beiixg from a few 
millimetres up to 10 mm. or bo later than the appearance 
of the first sound. Hence the tactile method constitutes 
a useful check upon the accuracy of the auditory method. 


TECHNIQUE OF ARTERIAL PRESSURE 
ESTIMATION BY THE AUDITORY METHOD 

For any reading of arterial pressure to bo accurate and 
trustworthy it is essential that the subject should bo at rest, 
which implies both cessation from physical motion and from 
psychical disturbance. Such desiderata are best attained 
by not attempting to measure the blood pressure until 
sufficient time has elapsed for the patient to have calmed 
down from any excitement or apprehension incidental to 
the medical examination and to feel perfectly at ease. 

At the first consultation it uill be foxmd most convenient 
to take the observation ofter the history but before the 
remainder of the clinical examination. 

The folloiving coTisiitufes a description of the auditor^ 
method of estimating arterial pressure (vide Fig. 1), ivhich I 
recommend as the quickest, simplest and most accurate yet 
devised. It is applicable to any modem type of instrument : — 
1. The armlet should be smoothly and evenly adjusted as 
high up the arm as possible, the upper margin touching the 
axillarj' fold. The lower margin is thus brought well above 
tho bend of the elbow. Care should be taken that the 
middle of tho bag is towards the inner side of tho arm, so 
as to easuro effective compression of the brachial artery. 
Tho armlet must not be appL'cd too tightly. This matter 
is easily arranged with the older form of stiff outer cuff ; 
with tho newer soft bandage-iike armlet the folds should 
gradually bo brought down so as to enwrap the whole 
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widtli of tho pressure bag, and tJio last 2 indies of the tail 
neatly tucked under the prccwling turn. 

2. TUe. patient’s arm, 'nliich is bared, should be allowed 
comfortably to lie, ^Y^tb aU its mu«oles completely relaxed, 
upon, a support of such hdght that the armlet is brought 
to the same level as that of the heart. 

3. At this juncture it is well to distract the patient's 
attention by determining witli the finger the rate and diarac- 
teristics of the puhe, since holli artciial prr.«surcs and puho 
rate should be taken under the same conditions. 

4. A'oiv e.vplain to the patient that the hand round the 
anu will tighten for a minute or so. but tliat this temporary 
pressure is quite harmless Apprclicivsiveness on the part 
of a pcn>itive patient may be further allayed by slight 
inflation of tho hag for a few seconds in order to accustom him 
to the novel sensation produced by compression of tlic limb. 

C, Rapidly inflate tho au'-ljag of the armlet to a pre<suro 
of about 110 mm Hg 

0. Adjust tlio bell of a stethoscope, or an auditory tnm* 
hour with rubber l>and for keeping jt in place, beloiv the 
armlet and over tho brachial artery pist above tho fiend of 
the clboH’ to tho inner side of the biceps tendon, when in 
tho majority of all cases, whether in health or dbease, at or 
about a prcftsurc of 1 10 mm. Hg, auccessivo clear and loud 
thudding sounds w ill !« audible ns the blood passes through 
that portion of tho artery whicli is partially constricted by 
the armlet.* 

7. Quickly rai<e tho pressure still further until all sound 
disappears, and tiie brachial and radial puhes are completely 
extinguished, 

8. Slowly ojjcn the release valve, thus grailualiy lowering 
the external air pressure, and, ncconbng to the kind of 
iastniment in use. note accurately either the hcigiit of tho 
mercury column or the figure reacherl by the hand on the 
dial at winch the first definite click heard. The first 
audible click on decompression following obliteration indi* 
cates tho systolic pressure. Thfa point is a few millimetres 

• A pracliral of dtUrtniniiig irfaeUirr the tflralioor » in tlic corn'd 
position IS to apply local incrcMc of pnasnrr, mlicn, if flic tamlwur is dirpctly 
over the brachial artery, the radial poise wiH be fell to lessen or disappear. 
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higher tluan the return of the pulse to the finger jilaced over 
the radial arter}' at tlie 

9. As the pressure continues gently to fall, the clear, sharp 
click gives place to a soft murmur of variable duration, 
nhich is succeeded by a longer phase of clear, vibrant and 
sonorous thuds, which soon reach a maximum, finally 
becoming dull and niufficd before total di<«appearanec. The 
point at which transformation of the clear, loud thud into a 
dull sound takes place indicates the diastolic pressure. This 
change is usually budden or rapid, hut occasionally may be 
more gradual. 

10. The mercury in the msinometcr is non allowed to 
return to zero by completely emptying the pressure bag of 
air and leaving it so for a few moments in. order to permit 
the venous stasis to disappear and the circulation in the 
upper limb below the armlet to return to normal. 

11. Discard the result of the first estimation, which 
should always ho regarded as a rough appro.\imation. and 
concentrate closely on the next two or even three readings, 
in order to determine the basic or residual pressure of the 
patient at the time of estimation byelimmating, through 
compression of the brachial, any element of hj-pertonia that 
may be present. Readings subsequent to the first are very 
often lower. Especially is this true of the systolic pressure, 
for the reasons given on pp. 29-32. Each complete 
estimation should not take longer than one mmutc. Con- 
tinue until a constant level is reached, t/ie residual arterial 
pressure. If there is no drop in pressure within three 
minutes, and the high readings are thought to be accidental, 
without telling the patient that the pressure appears too 
high, get him to return and again estimate the pressure levels 
on a second visit. 

12. The residual pressure, winch is what one desires to 
record, is the loicest constant pressure reading. 

This should forthw ith bo entered in the notes of the case 
according to the author’s formula, which constitutes 
The Complete Arterial Pressure Picture (Fig 6). 

The complete arterial pressure picture includes : — 

(1) The figure for the maximal pressure. 

(2) The figure for the mimmal pressure. 
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(3) The figure for the differential (puL«o) pressure. 

(4) The rat© and characters of the puke. 

(5) The figure obtainedbj'multiplying the differential 

pressure by the pulso rate. 

A Runi>l6 and compact {ormuta is thus obtained, which can 
1)0 c-rjire-sced with rapidity and accuracy as 
S. 

D.P. ; pulso rate aa<l characters : D.P. x P.R. 

e.j., 65 : 78, small, irregular, wall thickened and tortuous : 

5070. 

In grouping large numbers of eases for statistical purposes 
into high, medium and low preasur© classes, the graphic 
method of representation shown in Fig. 6 has been found 
to be of practical utility. 

All comparaiite obDertafions shmhl le eareftilhj made t» 
a con»/©rfaWy irarnicd and aleni room, wih ihe 2 >a{itnt'A limb 
in Ihe same relative pcstHon oj rest at the lercl of the heart, 
as far as possible at the same time of daij, preferably iniduny 
between meak, ou the same limb anil ti‘Uh the same type tj 
indrumenl, all dtsturhance hetng brought to the 

irreducible vitnimum. Tho first oliscrvatlon is apt to be 
higher than tho fiul>-equent ones, end shoultl always be 
corrected by others taken Wforc the end of the first 
uiterWew, when it will usually be found tJiat tho later read- 
ings tally very closely. Tlie author's practice is to take at 
least three rea(bng«, and to record in the ca'-e-notes the 
results of the third or sub-cquent constant reading which 
denotes the required residual prcs'=ure. 

I have seen so many- erroneous deductions drawn through 
failure Vo comiily with these few simple precautions that it 
cannot fie too strongly urged upon every observer tliat 
reliable coi*npari<on.s can only be in.'-tihited between blood 
pressure te-jf s iii the samo and in different individuals when 
such are mao'e under similar conditioas. If the typo of 
instrument bo bbauged. this fact should always lie noteil, 
since all the oidkir forms with narrow armlet, etc,, give 
readings w liich areVnr too high. 

Although the qu^^tion cannot bo regarded as definitely 
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settled, the consensus of opinion points to maximal and 
minimal pressures being a few millimetres higher in the 
standing than in the sitting position, and in the sitting 
position a few millimetres higher than when lying down. 

Fallacies In Estimation of Arterial Pressure 
by the Auditory Method 

A. Sources of Error affecting both Systolic and Diastolic 
Pressures. — 1. Serious error may be introduced by unneces- 
sarily prolonged compression during estimation, thus causing 
stasis of blood in the limb 

2. Error may be eawMid by the bell of the stethoscope or 
the auditory tambour not being pl.iced directly over the 
artery, or by the bell being tilted at one edge, or by pressure 
upon it being excessive. 

3 Error may bo caased by the existence of on artery of 
small and insulhciont size. 

Unavoidable difficulties through any of the above causes 
‘•hoiild be of extreme rarity. If the chance of error be 
suspected, a combination of the tactile uith the auditory 
method serves as a useful check in the determination of 
the correct indices. 

The results ahich follow arc entirely concerned with the 
estimation of systolic prc<surc, since tht diastohc reading is 
little, xj a( all, injluenced by the chief sources of fallacy regarding 
local conditions of altered conduction, resistance of arterial 
wall, or reflections from the periphery, xvkich may affect (he 
st/ftolic reading. 

B. Sources of Error causing Over-estimation of the 
Systolic Pressure. — These depend upon — 

(a) Factors External to the Artery under Cornpression. 

1. Considerable adiposity of the limb. 

2. (Edema of the limb. These conditions are infrequent, 
and invariably prevent accurate readings. 

3. Cyanosis of the limb. For general cyanosis no 
immediate remedy is applicable. Cyanosis due to local 
congestion induced by too lengthy compression of the 
armlet can bo obviated by (a) rapid filling of the bag with 
air ; (^) taking care that decompression is not too prolonged ; 
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(y) allowin'; sufficient time bcttiecn each reading for any 
cyanosis to disappear. 

4. Active contraction, tonic or clonic ejwmodic states, 
such as cramp or tciany of the muscles of tlic limb. Tliis 
source of error can bo avoided by never taliing the blood 
pre‘s'‘uve \mtil and unless the limb i« completely pas-ive w ith 
its muscles at rest. In certain disorders of the nervous 
system, however complete l^msc«larr^Ja^atioI) is impossible, 
when, perhaps one of the other limbs may not be affected 
and can \)e iililL>cd for piirpo-es oi estimation. 

(1») Faelors due to Va}iation!i in lietfisianee oj the Arterial 
U'all 

1 Transilory Arterial Hypertonic Spasm may be due to 
excitement and apprelien^ion consequout upon the nnacciu- 
tomed constriction of the arrolct and jiainful feelings of 
8W clling of the bmb Thc'-e emotional effects are manUestPvI 
by quicLcued pube rate, and can lie removed by calming 
and joassiirmg tlie patient a<j well a', by sliortening the time 
of estimation 

2 Continued Hypertonic Coniraeffon of the Arterial 
Muscle detiniiely mtlucnccs comj»ic*sv}bility, but in the 
Iraclual artery a ilegrce of contraction sufficient to caU'O an 
error of more than 30 mm Hg is improbable in adults, and 
is usviiilly eonstderaWy le^s than tins, whilst in ebiUlren it w 
negligible 

In common witii other ob^orver-.. W Russell has laid 
great strC'S on the state of th« media, and lias repeatedly 
pointed out the effect of arterial contraction on clinical 
readings He l^clieves tluit arterial bypertomis ralhiT than 
hypcrpie-is is mainly what w uieasuied by the obliteration 
method The results of his expcnniental work with rubber 
tubes and with arteries treated with formalin, etc., are, 
neveithelc'S, inadmtssiblo in the case of liiing arteries, 
since t!ic conditions arc too dissimilar for coinjiari«on. 
Neitlior c-su lijs ob«eiTations with vaso-dilators (crythrol 
tetranjtrate, etc ) lie accepted, isincc ho ap^>can« to ascribe 
the reduction, of tlic readings to reIa\atiou of the wall of 
the brncbiid artery whilst ignoring the effect in lowering of 
systolic presBurc duo to opening up of the peripiieral vc«sels 
by the drug. 
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3. Calcification o£ the Arterial Wall. — The common idea 
of calcification, wherever in the body it occurs, is that the 
process results in a condition of stony hardness. But 
HacCordick has proved that during life calcified arteries 
are not rigid. At operation and at autopsies immediately 
following death such arteries are found to be phable and to 
cut readily. 

In the ” pipe-stem ” radial, for example, the calcareous 
matter is deposited, not in the intima, but in the media in a 
state which is identical with that of unset mortar, ilortar 
sets by conversion of calcium hydroxide into calcium 
carbonate by absorption of carbon dioxide from the air. 
Kept in alkaline media, or in bulk away from the air, mortar 
remains un'set, hut sets when placed iu an acid medium. 
Identical changes take place within the body, During life 
the reaction o! the body tissues and fluids is alkaline, but 
becomes acid shortly after deatli, and the gas w liich charges 
the blood snthin the arlenes after death is mainly carbon 
dioxide. Hence “ atheromatous ulceration and sauccr-liko 
plaques with rupture of the surrounding endothelium are 
po’it-mortem products. Calcified areas in the intima become 
sot and rigid before mu>cular contraction of the aorta gives 
way, and the tube undergoes dilatation. The result is 
that tension upon the endothelium at the edge.s of the 
plaque induces rupture of the lining.” 

It is to the valuable work of Professor ^MacIYilliam,^’ 
E. I. Ke«son * and G. Kpcnccr Jlelvin * that w e are indebted 
for the most exact and useful kiiowlerlge we possess both as 
to verification of the criterion of diastolic iiressure and 
influence of the arterial w'all on blood pressure measure- 
ment. Tiiese observers, working on broader lines than 
their predecessors, have undertaken a senes of clinical 
studies in the light of careful experiniental data derived from 
investigation of excised firing arteries in different condi- 
tions of contraction and relaxation, and of abnormal and 
thickened arteries as well as uonnAl one's. From their 
clinical study they draw the following conclusions : — 

“ Estimations of systolic blood pressure by the obliteration 
method, when made with suitable precautions, give sub- 
stantially correct results in ordinary conditions of normal 
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health and al<:o in the great majority of eases of illness. 
E\en when the disease affects the vascular sptem with 
thickened arteries, etc., the indications are in the majority 
of cases api)roximately correct, the readings ranging from 
moderate or low to very high values. It is only in a minority 
of cases that serious error is liable to occur, in the direction 
of over-e<timalion. 

“ In some suchcases the influences of local cotiditiotis may 
be very important, especially the ])rescnce of ahnormal 
resistance in the artenal wall, depending mainly at least on 
contraction of the mu-scular coat In such conditions very 
different readings may be obtamctl from the same j^erson 
on the same occasion according to the limbs or parts 
of limbs examined, tlje using of first or later readings, 
etc. 

“ Continued or rejieateil compressiem, wth comparison 
of the two sides, etc . affortLs a valuable metiiod of detecting 
the presence of such error, though not invariably decisive: 
in some instances considerable disturbances of blood 2 >ressure 
may occur Results, both positive and negative, obtained 
by this method hUow a striking parallelism to those yielded 
by excised surviving arteries ” * 

Tluckcmng of the arterial wall may be held to include ’ 
atlieroma. sclerosis of iiitima. and often of adventitia, 
or mcrcase of media — the hypermyotrophy de<cribed 
by Russell,*^ Savill,** Dickenson and Rollcston** and 
others 

Upon compressibility arterial tliickcning has no apjire- 
ciable effect, and ealcjflcation only a slight eff«t ip. 31); 
it is contraction that tells Hence the whole matter may 
bo summed up by the statement that tn Ifie iml majorili/ 
of arterial jrresvire determitialions (he atatt of (he arterial 
imlf IS ineoiMidernWe. vchtlher m heoiiiiy or discaitd 
coiuhtions. but that, in some abnormally resistant arteries 
heightened readings of egstohe pressure may obtain. In 
these cases the metbotl of preliminary digital compres- 
sion of the brachial artery to remove resistance, aa 
recommended by the aliove oli«en'ers, is. in my experience, 
of the greatest value in minimising the error of over- 
estimation 
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Method of Relaxation of Contracted and Thickened 
Arteries to secure a Corrected Reading of Systolic 
Arterial Pressure {MacWilliam and Melvin «) 

If resistance is experienced on palpation of the brachial 
artery, having taken the first reading, the bracliial artery 
is subjected to repeated compression (twenty times), or, 
preferably, closed by digital pressure with two fingers for 
three minutes at tho middle of the arm. Resistance of 
the arterial wall, if present, is thus almost entirely overcome, 
as shown by the second corrected reading, which is now 
made, being reduced to the level found in a non resistant 
artery, but not below that level ; further compression 
causes no further reduction 

This method does not equalise tho arm-leg differences m 
reading associated with cases of well-marked aortic incom- 
petence,* in wdiioh there is no corrcsiiondenco between the 
degree of puUe prc.ssure and the arm-leg difference.** 

The Differential Blood Pressure Sign. — This term has been 
applied by Dr. E. F. Cyriax ** to differences between tho 
Bystolio blood pressure readings in tJio two arms. Such 
differences may be — 

(а) Anatomical, whore the arteries of the two limbs differ 
in size and distribution, 

(б) Physiological, w'horo the first measurement is 
heightened by psychic or physical causes, tho effects of 
which have passed away by tho time that the other arm 
is examined. If the patient lies on one side, tho maximum 
pressure in the arm lying beneath is usually slightly higher 
than that in the arm above.** 

(c) Pathological, where the two sidc-s manifest differences 
as the result of aortic or other ancurj’sni, intrathoracic new 
gtewtli, wtterioselMOsift involving especially that portion of 
the aortic arch from which arise the innominate and left 
subclavian arteries, hemiplegia, or a cervical rib. In 
unilateral w’ar traumatisms E. F. Cj'riax *® has shown that 
the systolic pressures in the upper limbs ate not always 
identical, and tliat the pressure in one arm may be higher 
than in the other on one day and lower a few clays later. 
In 819 observations on the blood pressure in the two amis 



34 


HIGH ABTERIAL PRESSURE 


in soventy-ttroe crises of unilateral or bilaterally unequal 
conditions produced by tratiina and operation, together nith 
a few of bilaterally equal operations and operations in the 
middle line, the differential blood pressure sign is nearly 
always present. For maximum pressures difierenccs of 
10 mm. were found in 63 per cent., and of 20 mm. or over in 
12 per cent., of all cases ; for minimum pressures similar 
differences were found in about 80 per cent, and 20 per cent. 
In a second similar investigation, comprising 1,807 observa- 
tions on 12S cases, in all the differential blood pressure sign 
was present. 

E. F. Gyriax** believes that heightened blood pressure 
is often due to such irritative states of the spinal extensor 
muscles as hypertonicity, diffuse fibrosis or fibrositis and 
venous congestion, vihicharo stated to produce a continuous 
series of sensory stimuli to the posterior spinal nerves, t.e., 
a never-ending series of pressor effects uliicji can bo success- 
fully treated by appropriate muscle kneading and other 
movements. 

The results of 160 bilateral readings taken by Hr, 
R. J. Cyriax** in taolro patients with pulmonary tuber- 
culosis are comparable, and will bo found mentioned on 
p. 227. 

Mbcn duo to abnormal local conditions o! the arterial 
wall, in a minority of cases the higher readings may bo 
notably reduced by continued local compression, os already 
described, and in tliis way divergent readings may be har- 
monised, the same readings being then obtained from all 
the limbs. Comparison wilh a second reading from the 
other arm, which lias not been, subjected to repeated or 
continued compression, is essential, as the pressure may 
have altered during the period of estimation. Xo reduction 
in pressure is found in the absence o! abnormality iii the 
arteries.* 



CHAPTER in 


Present-day Instruments Employed in Esthiation of 
Arterial Pressure 

BLOOD PRESSURE INSTRUMENTS TO BE 
RECOMMENDED 

The medical man who is about to purchase a sphygmo- 
manometer naturally is Inclined to ask what instrument is 
the most practical and viill give him the best return for his 
outlay. 

In Great Britain and America tno types of instrument 
are in common use : A. raercuriah B. dial aneroid. On 
the Continent oscillometric aneroids C. are largely employed. 

A. Mercurial Sphygmomanometers 

No matter what el.aims arc put forward by enthusiastic 
inventors or manufacturers of aneroid apparatus, it is certain 
that a i>roperly constructed mercurial manometer is capable 
of registering pressures over Jong periods of time unth greater 
accuracy and reliability than any instrument that depends 
upon the elasticity of metal. This does not mean, honever, 
that the average mercury manometer u^ed in practice is 
necessarily more accurate than an aneroid. The majoritj’’ 
of mercurial sphygmomanometers in daily use till recent 
times have a narrow U-tube, along the distal arm of 
uhich is fixed a scale bearing equal divisions intended 
to read in millimetres of mercurj'. These scales, being 
stamped by a machine, make no allowance for varia- 
tions wliich occur in the calibre of the glass tube at 
various levels. For the reason that it is a matter of great 
difficulty to blow a fine glass tube of uniform bore, no two 
U-tubes are likely to give similar readings on a machine- 
made scale. This is the first source of inaccuracy. A second 
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H (ound in ciipillary action of the mcrcurj’ column. 'When 
tube? of fine boro are cmploywl, tiic mercury, especially if 
at all dirty, tenet to adhere to the glass, and gives readings 
nhich arc inconsistent. A third j>ossible source of error 
atises{romthesmaV[nftt.5of the intervals between the divisions 
on the measuring scale, wUcIi thus becomes difficult to read 
witli precision, cxeojjt in a clear light and by tlio’c who 
possess good eyesight. 

Tlie first of the above ilisadvantagcs can bo overcome by 
individual calibration of each manometer tube against a 
standard, or by obtaining after repeated trials n tube of even 
and uniform bore througliout. The second and third dis- 
advantages aro alike obviated by making one arm of the 
U-tubo shorter and of considerably larger diameter than the 
other, thus forming a reservoir. In tins event the ratio 
between the diameter of the reservoir and that of the graoll 
arm of the tube must bo accurately determined, and the 
scale attached to the latter must be compensated for any 
fall in level of the mercury in the reservoir. Manometers 
madeonthis principleare superior to those formerly emplo^’ed 
in that glas» tubing of three or four times larger diameter can 
he titiUicd, n ith the result that a mud) more o^ien and clear 
seal© becomes necessary to register tlie greater amplitude of 
range of the mcrcurj' column through given changes of 
pressure, 'llie graduntiom of the measuring scale are thus 
larger and mudi easier to read, and lioeouso Of the wider bore 
of the tul>e dean mcrcurj' no longer sticks. 

The Bauraanomder (Figs. 1. 7, 8). — ^This is the only 
merciu'ial sphygmomanometer within the author’s experience 
wliich comprises all the foregoing mechanical advantages. 
Ill siinidjcitj" of construction and accuracy of registration it 
constitutes a distinct a<lvance upon prc\ lous tj'jies of instru- 
ment, from which it differs in the size of the long arm 
of the U-tube, whose calibre is about four times larger. 
The shorter arm of the U-tiibc is expanded into .a large 
standAtxlisod steel reservoir, the ratio of its boro to that of 
the long arm being accurately knoivn A scale, mea-suring 
in calibrated millimetres, each sinall division of w liich re-ads 
to 2 mm., and the larger divisions in tens, is engraved 
by hand ilirectly on each accurately interchangeable glass 
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Fig. 7. — The BaumanoraetCT 1“ KompaL ’ mode!) reading from 0 to 
260 mm. On the groundeof «t«iracy, simplicity, permanence, porta- 
bility and strength of construction this form meets the requirements 
of most general practitioners The c*«e is of cast duralamm. Size 
IfxSixlliio. IVeightSOoz. 
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the fig\ires in tens corresponding to the calibrations 
being placecl aU€matel 3 ’ in white on a black hackgroutid oti 
each side of the readily cleanable tube. Tlio .‘'cale reads 
from 0 to 300 mm. in the full- 
sized models, and is adjusted so 
that the level of the mercury* in 
the reservoir and in the long- 
arm of the U-tubo when at rest 
stands at o. 

The makers claim that overj’ 
instrument is individually cali- 
brated against a standard 
mercurial manometer, the ac- 
curacy of which has, in turn, 
been checked against the U.S. 
Bureau of Stancl.mls manometer 
at Washington, i.e., that the 
scale of each Baiimanometer is 
graduated by imnd, so as exactly 
to compensote for any inac- 
curacies of the particular glass 
tube to which It is 5tted. 

Dtscnpiion of the ln<!truvie>tt 
(Figs. 7, 8). — To the f>j>en end 
of the long atm of the U-tubc is 
Mirewed. a small metal cap j'Cr- 
fomted with three small holes 
and containing a dinjihragm. 
Tiiis device, whilst ensuring 
l-ra. 8-T]» n..in.no».M.r *1>« mcfcury canjlot spill, 

Wall wckIcI «uiwUp lor ium allows air to pass into the tube, 

m hwpiwl or loa^uUing room jj,j. pressure is 

(nTliu-ina Ihf former calnfiot . , , ... 

model) reading from 0 to nmutainctl ; otherwise the in- 
300 mm. isize 4} x J4 jn. stniment would act ns a coni- 
fli(h6ft.of lubmg pres.sed-air mnnometrr and the 

morcufy readings would betoo low. To prevent the mercury' 
escaping from the reservoir, a fine glass tiibo is scaled into 
its upper end, whicJi is drawn out into a tube for attachment 
of the Jieary walled pure rubber tul)e leading to the pressure 
bag. TJie latter is encaseii within a satin armlet and has 
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connected to it a shorter length of similar tubing, which 
ends in a rubber bulb for purposes of inflation fitted nith a 
sensitive release-valve. 

The whole apparatus is attached to thespring-lid of the case, 
and can be inverted without risk of the mercury being split. 

Method of Employment. — 1. Turn the nulled knob on the 
outside of the case in a clockwise direction. With the other 
hand resting against the lid, allow it to swing gently upright. 
Do not let the lid fly up suddenly. 

2. Hold the glass tube near the top with one hand, and 
unscrew the small metal cap with the other, but do not 
detach the diaphragm from the inside of the cap. 

3. Carefully pour the mercury from the bottle sent with 
the instrument into the U -tube by means of a glass or paper 
funnel. Should any mercury be lost, place the Baumano- 
meter on a level surface and add enough mercury to bring 
the rim of the meniscus even with the figure ” 0 ” on the 
scale. To judge this correctly, the eye must be on the 
same level as the “ 0.” 

4. Screw the metal cap firmly in place. The Baumano- 
meter is now ready for use, 

6. In order to obtain greatest accuracy, it is important 
to tap the instrument, so as to ensure that the mercury takes 
up its proper position, and to stand the instrument on a 
level base. Errors due to incorrect levelling may be checked 
by examining the zero reading before putting the sphygmo- 
manometer under pressure. 

6. The further procedure is given in detail on pp. 25 to 29 

(Fig- U- 

The above description refers to the standard desk-model. 
Larger and smaller sizes arc also made. One defect com- 
mon to the full-sized instruments as well as to other makes 
of mercurial sphygmomanoTneter is that they register only 
up to 300 mm, of mercury. The ” Kompak ” and pocket 
Baumanometera are still more restricted in range, reading 
as they do only up to 260 and 200 mm. respectively. 

Tho latter instrument, Imwever, is designed for the special 
jiurposo of examinations for life assurance, any patient whose 
arterial pressure reaches the 200 mm. limit being at once 
rejected. 
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Wiiht it is true tint prc>‘5ures of over 3(»i mm. arc very 
rare, ncvertliclcss tlic.se do occur, and for jiuijmscsof genenil 
utility one .should he able to measure them accurately, m Inch 
is impossible until manufacturers of arterial pressure instru- 
ments realise that a limiter! scale, while covering ordinary 
ranges of pressure, is not capable of assessing citremes. 
At present, utility is snWnlinatcd to portability. 

B. Dial Sphygmomanometers (Aneroid) 

Of portable aneroid instniments suited for clinical work 
Iho improved Lauder Bnmton apparatus and the Tycos are 
largely used m this country and in America. Various other 
forms of dial instruments with single broad inelastic armlet 
arc employed in France, each of which jHissesses indivicliml 
features. An early model was the Vnquez-Laubry sphygmo* 
tonoscope.*’ In current use are BouJitto's sphygmomnno- 
meter, the spliygmophonc of Boulitte-Korotlcow, and the 
artonotensiometer of Donzelot,^* all ilcsigned to register 
maximal and minima! pressures. 

In the u«c ofnny of these imstninionts care should bo taken 
tliat they are not inclined, since ow ing to lack of any interior 
balancing mechanism different readings wiil be given if (ho 
aneroid is sloped 

1. The Brunton Sphygmomanometer (Fig. 0) — This appa- 
ratus. suggested by the btc Sir T. I^auder Brunton, 
comprises (o) a pressure gauge resembling an aneroid 
barometer, the dial of which (only 2 inches in diameter) is 
grafhiated m millimetres of mercury by comparLsou with a 
“ standard ” mercurial manometer, and registers from zero 
to 30(1 mm , (^) a broad annict, the rublwr bag of which 
measures 13^ inches by -11 inches; (y) a metal inflating 
pump w itU release screw 

In moilerni'-ed form, the dial gauge made by Jaquet 
of Basle possc.'->ca considerable accuracy. Groat sensitivity 
IS imparted to the movement by a doublo-actmg pressure 
chamticr and a specially constructed transmission. 

Uirechont for Use . — Apply the aniilet evenly to the arm. 
8ee that the screw of Uic T-valve is close home. Slow ly raise 
the prcs.surc in the armlet by the pump until the radial pulse 
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can no longer be felt. Then allow the air to escape gradually 
by reversing the T-valve screw, and ob.serve the pressure 



Fic. 5) —The Improved Bnintoo sphygmomanoincter 


indicated on the scale at the time the pulse returns. This 
indicates the systolic pressure. The dial gauge, having a 
movable scale, can always be brought to the zero point 
before use. 

2. The Eoulitte Sphygmomanometer (Fig. 10) is the French 
equivalent of the American Tycos, over which it possesses 



Fio. 10.— The Boolitte apbygiDOBianometcr. 


several advantages. These are a metallic pump ; an easily 
adaptable silk sleeve of considerable length, which can be 
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'ATapped several times round tte arm ; and a dial-needle 
n hich, not being cheeked, permits independent control. The 
instrument is verj* light and handy. It is provided nith a 
leather case which goes easily' into the pocket. 

3. The Tycos Sphygmomanometer- — This instnimcnt, 



(la. 11. — Diagntii slioning the intmul mrefunum of tho T}’cch aneroid 
(ph^gmoBUinotnrter (Xoms) A Pial caw R Metal case tecRath 
dial conlauiing aneroid chamber composed of V*o metal duics eon- 
oected hy a Icier alBicd toa fvg ahect, which cnf^i^ with a imallcr 
cog wheel and ao canscs morrmcok of the duil needle, C. 

originally devised by X)r. Oscar H IXogers, is jiojJular uitli 
the general practitioner chiefly because of its compactness 
and portability (Figs. II, 12, 13). Two accurately ground 
metal discs arc attached at their margins to the metal 
case beneath the dial. These discs constitute an aneroid 
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chamber, into which air can be pumped by the bulb, thus 
. slightlj' separating them ; with the highest presstires only 
2 to 3 ram. of expansion occurs, the measure of resistance 
of the chambers being accurately determined. A lever 
affixed to a cog, in turn connected with the dial needle, 
greatly magnifies the slightest expansion of the discs (Fig. 11). 
Each dial is made by hand, and the scale divisions on it are 
graduated against a standard mercury manometer, so that 
no two dials are exactly' alike as regards spacing of the 



Flo. 12.— The Tyco* jineroid sphygmomanometer employed in combination 
with the auditory method. 

divisions. The relation of the needle to a zero point in the 
middle of an oval on the dial furnishes a check on the 
accuracy of the instrument. The dial is graduated up to 
300 mm. Hg, and the 20-njm. spaces on it are accurately 
subdivided into ton eq^ual scale divisions, each representing 
2 mm. of pressure. The needle travels round the dial, so 
that its movements can readily be followed. In releasing 
the pressure these movements are visible before tlie sound 
can bo heard, and arc to be disregarded. They are simply 
due to beating of the blood against the upper edge of the 
armlet. 



44 man ap^teiual risEssuPE 

Tho instnimcHt i'l unaffected Uy clmngcs in tcmpcratuio 
and barometric prc««ure, and, wilU reasonable cate and 
occa‘?ional cleaning, should last for several years. At the 
end of evciy tno years it stinnld nltrays Jk* tested ng.ainst a 
standard mercury manometer, since by this time it often 



readjustment, and is then liable to gi%e readings 
wUnli are too low in the ca«e of high arterial pressures. 

4. TheArteriotensiometerofDonzelQt*’ (Eig. l-l), designed 
for rapid, easy and precise measurement of arterial 
pressure, is well ad.ajited for modern work. Tlie cuff is 
uiexlensible, and is readily adjusted by means of tno bands 
of wcbbiiig, each of njiich passe.s through a metal fastener, 
uhich clips and secures them tightly. The rubber air-bag 
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is covered ^\ith silk, A\hich jntiduccs no sensations of cold to 
the arm of the subject. The manometer is strongly made, 
and practically indestructible. It is graduated in millimetres 
of mercury, and allows estimation of maximal and minimal 
pressures to u ithin 2 mm. No cheek is placed on the needle, 
which, at rest, freely returns to the centre of the oval, denot- 
ing zero, BO that precision can thus be assured. By reason 
of this, the manometer is self-controlled, w hereas, in ordinary 
manometers, a check being applied to the needle before its 



Fio. U . — Tbe artfnotrasiomel^r of Ponzelot. 

position of rest may mask an error in the apparatus. A 
regulating button is addetl, by which any faulty position of 
the needle can be regulated as easily as the hands of a watch. 
The pump is of metal, and, becau.sc of its durability, superior 
to indiambber bulbs. The escape valve is wedge-shaped, 
without intervention of leather or rubber, which ensures 
accuracj’ and sensitiveness, while a safety-catch prevents 
the screw from being opened too wide and thus lost. The 
stethoscope supplied with the instrument is of modern 
construction. 

C. Oscillometric Sphygmomanometers (Aneroid) 

1. The Sphygmo-Qscillometer of Pachou,^®' — ^The 

sphygmo-oscillometer (Fig. 15) consists of a cylindrical air- 
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tiglit metallic box ^\bicb contains an aneroid capsule of 
aluminium. The rigid box, the contained aneroid chamber 
and the armlet communicate directly with one another by 
means of a threc-uay channel. Tlie pressure within this 
system at any given moment is indicated on the dial of a 
small manometer graduated from 0 to G.'i era. of mercury. 
A separator key, on being depressed, closes the transverse 
limb of the three-nay channei, and so allows pulsations set 



Fio IS — Thi* I’ochoii •pU^f'mupietricojirilloinelrrtdc-w mcxlti) lihowing Culln- 
armlet wall l»o iii<lepernlonl ptrMure baf(« p' anti p\ one of 
'ftlueh ONeTlajw tUe other alK>ut one thud of dinmeter; t' and 1’ *=» 
irreaiiire (ulnng lonmcting ihe oaeillometcr box with the presauro tuign p' 
onil />’ rrspeeiiTely, r *= release tap to p*. « = iepnmlur key, e » 
•ere» raUe tor release ol cslemal pceKiore 

Up in the armlet to be tratisimUetl direct to the interior 
of the aneroid cliamber, and from this to the tlelicate 
registering needle. In tt«e the inatnimcnt connectctl, by 
means of a single narrow armlet with the «tm/ (IVchon), 
or by means of a broad double brachial armlet with the arm 
(Gailavardin). Tlio pressure throughout the instrument ia 
raised by means of the pump to a point above the maximal 
prcKHure of the subject. The separator key is then doprc.ssed 
and the regiatoring needle watchctl. If no movement of 
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the needle occurs, the pressure should then be gradually 
lowered by opening the screw valve. 

l^oie — The separator key must never be touched while the 
screw valve is open, lest sudden decompression should injure 
the alaminium capsule, so that, in order to avoid the possibility of 
accident, it is advisable to use the right hand only to manipulate 
escape valve and separator key alternately. 

The first of a series of increasing osculations of the registering 
needle indicates the maximal pressure, S (Fig. 5). Before 
this point is reached small deflections of the needle, differing 



Flo. 10.— Represents diagrammatically in section Gallavardta's armlet 
inflated upon » lunb. The artery is compre^ed uniformly as a result 
of the overlapping of the t<vo bags. 

little from each other, not infrequently occur (supramaximal 
oscillations, Fig. 6), especially in pressure cases, but 
these are to be disregarded, and only the larger one, which 
constitutes the beginning of the zone of increasing oscilla- 
tions, is to be noted. The pulsation which precedes this 
X>oint and the one which follows it serve as controls. 

As the pressure is further lowered the oscillations gradually 
increase in size, thus constituting a second zone distinct 
from the first. These large oscillations pass progressively to 
a point at which they attain their greatest amplitude, 
the index of tlie “ efficacious ” or mean pressure,®® afterwards 
decreasing in regular or irr^[ular fashion to terminate 
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ill a tiiird zone of oscillations, only slightly tlifTerentidteil 
from each otlicr, the onset of which zone corresponds 
with the minimal pressure D (Fig. 5). 

During the phase of gradually increasing oscillations, by 
watching the excursions of the needle, one can study the 
rate, rlij-thrn, form and amplitude of the pulse. Tliis in 
itself constitutes one of the distinct advantages of the oscillo- 
meter, since by its use arrly thmias of respiratoiy or juvenile 
type, premature contractions, paroxysmal tachycardia, and 
auricular fibrillatian, etc , can readily be obscn’cd. The 
number of divisions on the oscillometer scale traversed bj* 


JL 



Fia 17 — n(.pn?«FnuULa^inrait(‘.nU<r(n<«ctionhi>n-tlji!artcrv 

to divontinuoiu douW<> comrpp«»ioo ty t«o mfliilol plirPtl tido 
hy <idc in the ssme armkt. bat «ilhuut ovi-rlapping. (Qalbvarchn.) 


the needle in its widest excursion gites llic piiKe wave; 
e.ff., if the needle makes its greatest sw ing between 4 and 10, 
this represents six divisions on the scale. 

Pachou's model has a pressure bag of 7 S cm. in width, 
which IS applied just abotc the styloid process of the radius. 
In consequence of this narrow annlct the readings are always 
higher tlian tho«e of the standard mercurial manometer, the 
auscultatory readings of maximal pressure being from 
10 to 20 mm. higher, but the minimal much the same. 

Following Gallavardin’s suggestions, these higher read- 
ings, which, how over, Paclion still holds to represent corn’ct 
pressure values, liavc lieen brought into line with other 
instrumental records in later forms* of oscillometer by 
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the use of tuo separate pressure bags iiv the same cuff, 
uhich overlap by about one-third of their width, and 
have a combined width of 12 cm. (Figs. IC, 17, 18). It can 
easily he demonstrated that these two bags actually do 
exercise uniform compression upon an artery by inflating 
the armlet over an empty bottle and seeing how the whole 
inner surface of the tuo bags constitutes a perfect cylinder 
uith a very narrow circumferential line of demarcation 
between them. Each is connected with the oscillometer 
by pressure tubing, an air release being inserted in the 
circuit of the upper pressure bag. This arrangement allows 



FlO, 18 — OallaTardm’s armlet nith two independent premre bags, which 
orerlap by about onc-lhird oi tbvir width and haic a eombined width 
of 12 cm, 

the observer to record separately the oscillations uhich are 
produced under the central portion and under the peripheral 
portion of the same armlet. The blood pressure is estimated 
in the brachial arterj', in.stead of at the UTist with Pachon’s 
former model of mstniiuent, and gives readings comparable 
uith those of the standard mercurial manometer. 

2. Boulitte's Universal Oscillometer (Fig. 19). — ^This appa- 
ratus, an improved form of the older Pachon, is highly to be 
recommended both for its mechanical and phj-sical qualities 
as u ell as for its cb'nical utility. It fulfils all requirements 
for precise estimation of minimal, maximal and mean 
pressures, is of much reduced size and u eight, strongly made. 



so 


HIGH ARTERIAL PRESSURE 


easy to manipulate, and difficult to derange. The needles of 
the manometer and of the oscillometer are each provided 
with a regulating screw, bo that in tlie event of either needle 
assuming a faulty position, as the result of a fall, for example, 
it is not necessary to send the apparatus hack to the makers. 
Friction is reduced to a minimum, and lag is absent. Hence 
the needle traces with fidelity the pulsations communicated 
to it, the ainpUtudo of these under different coiwhtions being 
exactly proivjrtional to the strength of l«at. Each instru- 
ment being of equivalent sensitiveness, accurate dotemiina- 



Fra 111 — ISouJitt**'* uniTMwd ojcillonwter mlh UdUa^orili/i’a 

lions and time comparisons can be made of arterial pressures 
in the invejstigation of arterial permeability and elasticity. 
Theappamtus is universal in that it can be applied to measure- 
ment of arterial pressure by any of the ordinarj’ methods — 
oscilhtory. auditoiy, vibnitoiy or tactile. It is carried in 
small compass within a neat oblong leather case, without 
<letaching th'C rubber tubes, so that it is alwaj-s ready for 
bervice. In short, itis agowlsphygmomanoraeter with many 
fiupplementaiV' advantages. 

3. The Kym^meter of Vaciuez, Dlcy and Comez (Fig. 20) — 
These authors attach considerable importance to determina- 
tion W the niea\ dynamic pressure in cJinicnl medicine.*- 
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Tlioy have, therefore, devised this special oscillometer 
furnished with a new contrivance by which the oscillo- 
metric needle always starts from the same fixed point. 
Thus in reading amplitudes the point marking the extent of 
tlie excursion is all that matters. 

With this apparatus the reading of the greatest oscillation 
(oscillometric index) characterising the level of the mean 
pressure is rendered very simple. 

Internal Mechanism. — The kymometer, in common with 
all the other oscillometers (universal, portable and arterial) 
made by BouHtte, consists of an aneroid capsule C enclosed 



Fio. 20.— The Kjttiom«lcr Vaqwi, Gley and Qomet. 


within a rigid and airtight metallic box. The capsule is put 
into communication with the box by means of a valve S, 
so arranged tliat air can pass from box to capsule, but 
cannot pass from capsule to box (Fig. 21). Further, the 
capsule is connected with the cuff B by a two-way tube, 
one limb of which carries the escape screw V. A metallic 
pump P allows air to be driven into the box, the pressure 
within which, as well as that within the capsule, is indicated 
by the manometer M. This equality of pressure constitutes 
the chief feature of the apparatus. 

IVlien air is pumped into the box, this air pressure opens 
the valve S and gains the capsule. If, on the other hand, 
air is allowed to e.scapc from, the capsule by the escape screw 
V, the vah’e again opens and the equilibrium of pressure 
between the box and capsule is maintained. WTien the 
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escape screw is shut, and artcrin] piilsatioiis distend tie 
capsule, the valve then remains shut and the pulsations are 
transmitted to the delicate oscillomctric needle. The valve, 
being cNtremely light but Tcrj' solid, acts as an automatic 
separator (replacing the some%iiiat troublesome sex)arator 
hey in the older Paelion). At wJmtcver moment V is shut 



fJO. 21 — Piugram liltuiraimg tin- mirmol nuvlmnum of tho unucml 
and other ^pliygmcxKrilloniciers. (D) <ourl(si; o} M 0 Itoiilittr ) 

Th« ri^ 4tui Airtight meUi lo^ coniAini an ancrm-1 cA|i»(tU-. 0 
The c^liodrical mcul Los. the ancroi'l tliAmLer C. ami the armlit U 
conuniinioatt dimli} with one atiulhrr hj the three rhannel 
Any dcsirrd pmnurc ran he obtained tliroush tin- (ombmnl i)>«iem 
by means of the jiump 1’. the presnire readioc at any given nioracnl 
Ixing iiidieatrd on the nianooielcrdul M. nbich u gniduaitsl m ecixt 
rnetres of mercury An ewnre \»l»c, tVnllows the pressure to Ik* 
reliflsed at niU. Tbe one-way valve, 8, ilnees when the preMure 
hecomcaopmllnsiJeanUoutsKle thcanervxlchunilier, C thiu allun-iof’ 
puLsfltlans set up in the armk't to le transmJUol direct to the 
interior of the aneronJ chamtier and thoji to tlie dilicale ret;u>iennK 
needle f, the free end of which »» nips w>»» a vliMihsl scnle and to give* 
the aniplituile of the pulse wave. 

in order to read the aiiiplittide, the box is in equilibrium 
vitii the lowest pressure existing in the capsule, i.e , corre- 
sponding to the diastolic the capsule is then at rest, the 
znro ami osrillations begn always from this point. 
After^ie requisite pressure has been iiitrodiiced, air is 
allowed to\escape centimetre by centimetre wliilc succes- 
sively openinW and closing tbo escape screw. 

Records caAbc nbide simply and quichly of (a) maxiin.al 
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blood pressure ; (6) minimal pressure ; (c) amplitude of pulse 
wave ; {d) pulse rate and chatacteristics, expressed in four 
sets of figures, or b^’ means of a chart which furnishes a 
record of the amplitude of oscillation at different pressure 
levels. 

The Oscillometric Curve 

By an oscillometric curve is meant a diagram of 
pulsations of a limb or arterial segment subjected to a 
variable range of progressively increasing or decreasing 
external counter pressures. The construction of such a 
curve is simple. Upon squared paper two straight lines 
at right angles to each other are drawn, of which one 
(abscissa) corresponds with the figures for the counter 
pressure, and the other (ordinate) to the values of amplitude 
of oscillation read on the scale of the apparatus. In order 
to allow greater amplitude to the curve, the osciUaticms are 
noted on a scale double to that of the pressures. For each 
degree of counter pressure, upon the squared paper is marked 
a point situated at the intersection of the vertical line 
passing through tlie value of the counter pressure at the 
moment, and of the horizontal line passing through the 
figures of the ordinates equal to the size of the oscillations. 
All the points are then joined by a broken line, which form'* 
the oscillometric cur\'e.* 


D. Self-Recording Sphygmomanometers 
I. Indirect Clinical. 

1. The Tonoscillograph of Plesch. — (a) The Apparatus. 
For many years it has been possible to obtain tracings of 
blood pressure by means of a kymograph. In clinical 
medicine, how ever, through lack of any satisfactory objec- 
tive mode of registration, a numerical formula lias had to 
represent “the complete arterial pressure picture ” (p. 27). 
A distinct advance has now been made by Professor J. 

• Joriurttier inforrnation on tlos and subjerts the reader is reletred 

to Pacbon and Fabre, “ Cluical Imestigation of Canbovascutor Function.” 
English translation by J. F. llalh Dally ; Kegnn Paul, London, 193t. 
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PleschA^ of Berlin, after se^'eral years’ experiment, has 
Fticceecled in perfecting the tonoscillograph (F/g. 22), Mhich, 
in estimating arterial pressure,**- ** affords many sub- 
stantial advantages as compared » ith the ordinniy types of 
apparatus. I have done much work with this instalment 
since 1929, and prefer It to any other recording machine, 
since it is of such delicacy and mechanical perfection that 
the tracings obtained suffer no defornmtion. 

Tonoscillograma produced by this apparatus enable 



variations in the artcnal pressmre of any individual to l>e 
accurately traced under different conditions The curves 
not only yield graphic and permanent reeonhs of arterial 
pressures and of jndhrnliial pulse characters, hut also enable 
the state of the vascular system to bo diagnosed and the 
oscillations to be ineasurecl with a higher degree of accuracy 
than is possible by any other indirect method. 

Tlie taking of an objective tonoscillogram does not occiijiy 
more time than is required in theortlinarj- siihjcctive metliwl 
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of determining the blood pressure, while the record obtained 
forms a valuable addition to the clinical chart. 

The apparatus is constructed of metal throughout and, 
being operated automatically by increase or decrease in 
pressure without any special driving mechanism, is reliable 
in working and practically free from error. 

Like most instniments of great precision, however, the 
tonoscillograph is delicate in adjustment and requires 
aptitude in manipulation. Hence,* although small and light 
enough to be portable, it is more .ipplicable for static use in 



Fio. 23 — The tonoscillograph ic vertical section (diagrammatic). 


the consulting rooms of those who make a special study of 
circulatory phenomena than for daily transport on a round 
of visits to patients. 

Fig. 23 is a diagram of the apparatus in vertical section. 
The outer metal case (o) is made airtight by the hinged 
lid (6), in uhich is set a glass window, and is fastened by 
means of the device (c). Inside the case (a) ate two mano- 
meter systems. One of the manometers (d) communicates 
through the aperture (c) with the outer air, so that the interior 
of this manometer remains constantly under atmospheric 
pressure. \Vhen the pressure within (a) is increased by the 
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rubber inflating bulb (y) the manometer {<!) becomea bent, 
thuscaasing the thread (/) to bo un«ouncl, thereby rotating 
the table (A) fixed to the spindle (j). The other manometer 
(m) Jma a capillary opening (ir) into the case (a), and ia in 
direct communication with the armlet (?). By pumping 
air into the case, the armlet simultaneously becomes inflated 
through the capillar^’ opening (b). In this way flie thin- 
ualledand highly sensitive manometer tube (wf) is protected 
from over-distension. Nevertheless, by means of the capil- 
lary opening, equalisation of pressure is secured, bo that the 
external and internal pressures remain the same. 

Attached to the manometer tube (m) is the writing pen (»)» 
which records any niovemcnt rlirectl^ on a graduated piper 
disc set on the tabic (A). Any increase in pressure caused by 
the pulse uill, therefore, be recorded by this pen before 
the difference can bo cqualisctl through the capilUjy open- 
ing (fc). The size of this aperture con be regulated by a lever ; 
it uill readily be seen that the stronger the })iilsc and the 
Binaller the capillary' opening the larger uill be the oscilla- 
tions recorded by the pen. Should these oscillations become 
unduly largo in the case of powerfully beating pulses, they 
can 1)0 damped by increasing the site of the capillary aper- 
ture. The valve (e) facilitates cicn reduction of pressure 
in order that the disc may return to the zero position. 
During tlie time that the pressure is falling tho pen (») 
automatically, and m true accordance with tho pul«e 
volume, traces impulse.**, communicatetl by’ means of the 
armlet, on the disc in the fonnofacurvc.tiictonoscillogram. 

Fig. 24 shows the apparatus vicweil from above At the 
top 1 .S thchingc upon which the circular metal lid surrounding 
the glai-s window turns in opening and clo'*mg Oppo.«itc 
to this at the foot is the capillary’ lever mentioned aljove ; 
to the left of this is a nozzle for the rubber tul» connecting 
with the armlet, to the nght an attachment for the inflating 
bulb : still furtlier to the nght a screw -valve for securing 
even release of intcmnf pressim!. The paper disc 125'), 
graduated from 0 to 3U0 rain. Hg, rests upon a rotating 
aluminium table (23), the edges of tliK being represented in 
the diagram by broken lines Tiny projections around its 
circumference hold the paper di«c flat. Ojiposite (0) is tJio 
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MTiting pen with angled Bupjwrts by which it can be raised 
or lowered on a transverse bridge (31) actuated by the 
capillary lever. To the left of the bridge is a spring (30) for 
arresting movements of the table. 



Fig. 25 is an analysis of the curve of arterial pressure and 
volume obtainable with the instrument ; the general form 
of the curve closely resembles tliose illustrating a paper of 
mine in 1911 on the sphygrao-oscillometric method of 
Pachon.®° As the external pressure is allowed gradually 
to fall, an appro.vimately even series of small undulations 
(A) appears as each successive pulse wave impinges against 
the upper point of arterial constriction. The point for the 
systolic pressure (S) is marked by the first of a series of 
slowly increasing craves which, after a varying stage (B) at 
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the point (P) sucldenlj’ become almost doiible the size of the 
preceding waves. From this point up to tl\c largest oscilln* 
tion (G) the increase is mvich more gradual. Thence onwards 
the curve flatter in type, the oscillations slowly diminishing 
to the point of diastolic pressure (0), at which they undergo 



Tio. 25.— The Arterial Pmidfe Cunc. ehowing lucwssiro stagM of 
npproArb (A), clevclopmenl (B). osciILitiona (T fo JDj). and poWtioat 
(U) 8 n •J'stolie prt-uaro. l>i ^ diastolic pRiMUro. I’ = point at 

which puhic wave* incnoae to nciriy <lt>uWe th? b«-V2ht lbs prtwl- 
tag puhe «avM , C = moon pronauro. 1 1 , (he greatiwt amplitado of 
oecQiatioo (Oacillonictric Index of I’achon). 

a sudden reduction by half. Throughout the nholo of the 
ascending portion of the cur\-c each osciliation h seen to bo 
separated by a flat mteiwal, « luch l>ocome.9 icss ns the liighest 
oscillation is approached Thereafter the oscillations atsumo 
a peakOihe ascent. During the ascending jiortjon of the 



curve the oscillations are anacrotic in form. During the 
descending portion thej' are dicrotic, but only as far ns the 
point of minimal pressure. Bej'ond this point, the evtenial 
and intenml pressure.® being equalised, the piiL«c uaves arc 
represented by the stage of pulsations. 
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The foregoing stages are exemplified in the accompanying 
curves of arterial pressure and pulse volume taken from 
cases under my care (Frontispiece and Figs. 26, 27, 
28, 29). 

In the case of a healthy man, aged 47 years (Fig. 26), 
the stage of approach extends from 152 mm. Hg. to the point 
of systolic pressure (S) at 128 mm. Next comes a short 
developmental stage, denoting healthy tone of arterial 
n'alls, n-hich ends at 124 mm. (P), from which point the stage 
of full pulse oscillations with flat anacrotic naves is contmued, 
the intervals becoming less spaced and flattened at the base 
as they approach C. Following the ascending portion of 



Fio. 27 — lljpertbyroidisia. 


the cur\’e ending at C, the waves become more uniform in 
amplitude (descending portion) with evident dicrotism, this 
ceasing abruptly at 84 mm , the point of diastolic pressure 
(D). The stage of pulsations completes the curve-analysis. 

Fig. 26 is a case of early but t^Tiical hyperthjToidism in a 
lady aged 36, seen in consultation with Dr. R. Tudor 
Edwards, of Wembley. Herein the various stages of the 
arterial curve are clearly recognisable. 

Fig. 28 is the tracing of a man aged 60 years, 6 feet in 
height and weighing 15 stone, a teetotaller and non-smoker, 
athletic in lus earlier years and fond of mountain climbing. 
The chief complaints w-ere of “ thumping in the head while 
in bed,” and of pressure feelings referred to the vertex. 
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Tlie heart showed considerableleftTentricuIarpreimndcrance 
and a sj-stolic raurinwr was audible over the aholo prjecor- 
dium with ringing aortic second sound — a case of arterio- 
sclerosis. S is at 194 mm. Anacrotic ascent ends at 
150 ram. Descent is gradual to D at 104, where dicro- 
tism suddenly ends. Well-marked pulsations follow this 
I>oint. 

The Frontispiece clearly illustrates Iiigli arterial pressure 
in combination with Pul^ts altemans. Tlic tracing is of a 
man aged 47, whose systolic pressure was 2C9 millimetres of 
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mercury, diastolic pressure was 151 and mean pressure 
204. 

In striking contrast to all other c\irvcs tiiat I have yet 
had the opportunity of taking conies Fig. 29, that of a 
hospital patient, aged 67, housewife, whom I showed in 
1025 at the Royal Society of Medicine ** as a case of hyper- 
picsia, since established to be of gouty origin. 

The later clinical picture was one of cardiac dilatation 
consequent upon hypertrophy, and changea in the vessel.? 
atiaing independently of renal changes such as ocenr in the 
usual forms of Bright’s disease, lu Fcbnmrj*, 1930, hamor- 
rhage occurred in the left retina with irapaimient of vision 
two days later. One month after this blurring of speech 
was noticwl, which persisted. The arterial curve is of 
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unusually bold character, despite the fact that the capillary 
lever u'as turned to the full extent so as to damp the ampli- 
tude of oscillations. Each pulse beat is seen to be enormous, 
corresponding clinically uith a pulse of full volume and 
high tension. At every third beat is a regular sequence of 
premature contractions. The sj-blolic pressure is at approxi- 
mately 306 mm., hut cannot be precisely fived because this 



sphygmomanometer, like the majority of others, has been 
constructed on the assumption that pressures above 300 mm. 
Hg cannot occur. This patient’s pressure, however, when 
first seen was 320 mm. systolic, and I have had other cases 
in my own practice -wilh maximal pressures well above 300 
mm. The diastolic pressure is reached at 155 mm.,givinga 
differential pressure of about 150 mm. 

2. Boulitte’s Portable Recording Oscillometer (Fig. 30). — 
To Boulitte’s Universal Oscillometer (K) is added an oscillo- 
graphic cap.sule (C) provided with a pen (J), uTiting in ink 
and sensitive enough to record even the weakest pulse. A 
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clockwork movement (NJ, regulatc<l by a button (B), propels 
in a straight line horizontally at requisite speed a roll of paper 
(E). squared in millimetres. 

The record h made in two portions ; the first by setting 
the distribtitorkeyat Jin, thus placing in communication the 
tno jKickets of t!ie Gallavardin double cuff. This permits 
cstinuation of the mean and minimal pressures (Fig 31) ; 
the second, by cutting out the upper jKJcket of the cuff. 


t- - 
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whicli permits estimation Of the maximal prc.''sure (Fig, 32). 
If it is desired to savetime, the three arterial pressures may 
be recorded on the same tracing 03* settuig the distributor 
(D) first at JIx, and next as eoon as tliU pressure is recordetl 
at Mrv, when the mean pressure (M3' on the tracings) is also 
registered. 

3. Boulitte's Arterial Oscillograph, — ^This is a more 
elaljoratc and non-portable forni m instrument, mounted on 

"la’o'io wti'n niu’ucr w'neo'is Iw ii?c 'm nursuig ‘lomiu \5t 
hospital It 3’iflds a continuoua aM clearer tracing of tlie 
oscillometric curve. \ 

4. The Tycos Recording Sphygmotroograph (Fig. 33), — 
Tliis Ls useful for routine record of (fea-sloUc and systolic 




SELF-RECORDING SPHYGMOMANOMETERS' C3 



Hit 



Fia. 32 . 

I'lga.StaodS^.— Traciags taken on milLinetK-squa red paper withBoubtte'a 
portable tegi&termg oecdlometer. The ecale at the top registers la 
centimetres of mercury. Mn = diastolic pressure and 3Iy s= mean 
pressure, obtained by adjasting a distributor Talve go as to utilise 
both pockets of the armlet ; Six = aystoho pressure, obtained by 
putting into action only the upper air pocket of the armlet. 
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pressures, Mhich apjicar on the tracings vith a fair degree 
of clarity, hut since there is a damping dou’n of each pulsation 
tlie upper portion of the successive pulse waves ajtpear as 
straight lines, thus altering tlicir essential characters 
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(Fig. 34). jroreover. the mean pressure cannot in most 
instances he dcteimincd. 

Unless compensated b 3 ' a device such as that of Gnlla- 
vardin’s double armlet, or bj' an internal adjustment of the 
apparatus itself, the graphic method of recording arterial 
jircssuro, as in Plcsch’s tonoscillograph, yields a sj-stolic 
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reading several millimetres higher than afforded by the 
auditory method. To avoid confusion, the Tycos sphygmo- 
tonograph is compensated by adjusting the M’idth of the 
compressing armlet so that the reading on the chart is the 
same as that obtained by the auditory method. 



Fio. 34.-^phjgmotonc^tam of oonnaloHeml pmsure. Systolic = 111. 
Diastolic = 70. (|}y courtesy of Short i: Mason, Ltd.) 


II. Direct Experimental. 

The Bouliitograph (Fig. 35). — ^This latest invention is 
comparable with the electrocardiograph in that by means 
of an optical arrangement a ray of light from an electric 
lamp is projected through lenses on to a roll of photographic 
paper travelling at a known rate of speed. A time marker is 
interjjosed so that the distance between two vertical lines 
on the paper corresponds to of a second, the speed being 
either 50 or 25 mm. per second. The horizontal lines indicate 
absolute pressure valves, each measuring 1 cm. of mercury 
(Fig. 36). 

The modus operandi is as follows : the required limb is 
bared over the artery (femoral for choice, brachial, radial, 
etc.) to be investigated. A fine sharp needle with flexible 
lead tube attached is filled with an anticoagulant solution 



of paper is allotted to unrol, through intervention of an index 
attached to a manometer connected ttith the hlood-con- 
taming capsule. 

In this way the actual intra-arterial pressures arc recorded 



SELF-RECORDING SPHYGMOJIANOilETERS G7 


for all their values during a series of cardiac cycles for as 
long a time continuouslj' as the operator desires. 

\\Tiile of considerable interest to a physiological laboratory 



or hospital research unit, this method of direct puncture of 
one of the larger arteries 'would probably' make considerably’ 
less appeal to the majority of prit^te patients. 
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Blood Pressure Instruments to be Avoided 

(A) J/erctfriai. — (a) All the ohlet foni\s of iastrumcnt in 
Tvliicli the mercury apt to he spilt. 

(6) Wicro the scale Is not a true measure of the mcrcurj’ 
displacement. 

(c) Where friction results from oxidation of the mercury 
on the walls of narrow-cajihre glass tubes, lesuJting in air- 
()Ockets. 

{(1) \Vliero tJie mercury coltunn shons coasiderahle 
oscillation. 

(e) Where tlie long arm of a U*tube has a defective Joint. 

if) Blierc metal clips obscure somo of the scale dirisions. 

(y) Wiere there are movable parts and mechanical 
denccs subject to wear and failure of adjustment. 

(A) Where the apparatus and box are too heavy or bulky 
for COSO in transport. 

(B) Anerokl. — {a) Wlicro the mcchtyiisni depends on a 
spring diaphragm likely soon to get out of order or to near 
out, which cau.«es faulty position of the needle. The 
chief (.Usability from wliicli most aneroids svtffct is that 
aUernate expansion aivd contraction weakens their elasticity 
till no dependence can be placed, upon the reaction of the 
diapliragm, which tends to undergo permanent distortion 
w hen frequently u«ed for the detcrmiiwtion of higli pressures. 
Such distortion is usually indicated by failure of the nccdlo 
to return to the zero point. 

(i) tniorc tlic mecliani«m is difficult to repair. 

(c) Wiere the needle moires in a jerky manner by reason 
of friction. 

(rf) IMicrc there is an adju.stable dial which may allow 
the zero point to coincide with a (vrong position of the 
needle. The greatest errors arc due to this cause and to the 
aneroid being tested at only two or three point.s on tho 
scale, on the assumption that intermediate graduations 
should be utulorm. 

(e) Where a stop is fixed to t!»e dial so that the needle 
ahvays registers zero under atmospheric pressure alone. 

(J) Wicro tho apparatus is cheaply constructed «ith dial 
markings stamped by machinery and not individually 
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marked by calibration against a standard mercury mano- 
meter. 

(g) IVbere the release valve is of tricger pattern, permitting 
,a sudden excessive lowering of air pressure instead of a 
gradual one. 

Other factors, not inherent in anj' particular make of 
instrument, which cause inaccurate readings are : — 

(а) VTiero the instniment is subjected to variable tempera- 
ture and barometric conditions, which induce contraction 
and expansion of the metal. 

(б) WTiere the delicate adjustments Ixjcome shaken or 
jarred as the result of a blow or fall. 

(c) Where dast and grit work in to the bearings and cause 
faulty movements. 

(d) MTiere the compression cuff is less than standard 
width. Too narrow a cuff may import an error reaching to 
-f 40 per cent. 



CHAPTER 


FpnPAMEXTAL Pjn’SIOLOOICAL AffD Phvsical Faotohs 
IN BiA)OI> PrhSSL'RE 

*' A man's life may be anid to bn « gift of tiM btooij prcsxurv, jiut as Egypt is 
ft gift of the Nile ” OsLM. 

Tift: pIi5'<5iological a«»pcct«i ot blood prtSRuro arc vtjde and 
far-reaching, necessitating, as they should, deep and intensive 
investigation of correlated physicalantlpsj ducal phenomena. 

It is, however, far l»cjond the gcopc of this manual to 
enter into a tlctailcd consideration of all the principles and 
data involved 1 will, therefore, limit myself to a synojisia 
of the fundamental factor^ concerned in arterial jtressure, 
which will i-ervo ns an introduction to its clinical study 

In this chapter 1 propose briefly to discuss the lending 
physiological and phy'-ical factors on which clinical raria- 
tiorw of iiressiire depend, and from thi« proundwork to trace 
in succeeding chapters the origins of departures from Btnn* 
dard levels which constitute either physiologically or patho- 
logicall}’ high or low arterial pressures 

Significance of Blood Pressure 

First of all, what meaning should tJio term “blood 
pressure ” convey ? 

(a) In //le plynical sense blooil pressure may he dofmod as 
that pressure which the blood exerts at a given instant upon 
a given point in tlio circulatory system. 

(i) In iht physiological sense the term includes pressures 
wliich may bo intra-auricular, intra-vcntncular, arterial, 
capillary or venous 

Arterial blood pressure is a force oriijimlcd by ventricular 
contraction, innintainc'f by the reaction to di-tension 
(resiliency) of the arterial walls, and regnlaied by the dogreo 
of resistance in the terminal portion of the arterial system. 
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The five main factors concerned in its variations are tvo 
fundamental and three subsidiary factors, namely : — 

Fundamenlal Factors 

1. The energy of the heart, as measured by unit output 
(an intermittent force). 

2. The peripheral resistance (a continuous force). 

Si^sidiary Factors 

3. The resiliency of the arterial waUs. 

4. Tlio volume of the circulating blood, 

5. The viscosity of the blood. 

In physics there are only two sources of rise of pressure, 
increased force or increased load. From the physical stand- 
point the human circulatory system consists of a central 
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t'lO. 37. — Schema of pressure sjstezn (diagrammatic). 


pump system, an intermediate reservoir, and a peripheral 
outflow system comprising the series of pipes through whicli 
the circulating fluid is distributed throughout the body. 
In other words, an intermittently acting pump (heart) forces 
a liqvud (blood) into a system of large elastic tubes (aorta 
and its branches, which act as a second heart), which divide 
(smaller arteries) and sub-divide (arterioles) to a terminal 
network (capillaries), from which the liquid is returned 
through another set of tubes (veins) to the inlet of the 
pump. 

Pressure is varied by the force of the pump A (Fig. 37), 
the size pf the dbtributing vessels B, and the character of the 
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circulating fluid G. Variations in the pres=‘ure can only 
Imj produced by an alteration in one or moro of these 
conditions. 

1. If the force of the pump A bo increased, and B and C 
remain the same, the pressims is augmented. If the force 
of the pump bo decreased, the pressure is diminished. 

2. If the force of the pump A temaim the game, and C is 
ui\changed, then, if the diameter of the pipes B is reduced 
60 as to obstruct the outflow, the pressure is again raided, 
and if the diameter of B be increa.«ed, the pressure falls. In 
physical parlance this peripheral resistance is termed tlie 
load. Hence, if C remains constant, i.e., if the condition 
of the circulating fluid remains the same, a ri«c of pressure 
mu.st be caused either by an increase of the central pump 
force or by an increase of the peripheral resistance. 

ThccentTtilsystommaybcaflectedintwoways ; primarily 
by direct increase of pump force ; or, secondarily, increase 
in peripheral resistance may demand increased action on 
the part of the pump, so that the increased resistance may 
he overcome by an augmented central pre.^aure. 

The peripheral reaLstance, or load, may al«o bo affected in 
ts^o svajTs : primarily, when there is a direct alteration in the 
sire of the peripheral vessels, or n change in their Te.siliency 
in the direction of increased rigi<lity ; and, secomlarily, 
where these alterations take place in ortler to co;npen«ato 
the augmented dynamic action of the central pump which 
necessitates contraction or rigidity of the peripheral ve«.«cl'!. 

Hence the prinwry causes of increased pressure are only 
two in number ; cither (1) a central dynamic cause duo to 
increased power of the heart and great vessels, or (2) a 
peripheral load increase due to increased pressure, vascular 
thickening or rigidity of the vc.ssols. Any secondary cause 
is only compen.satoiy to the primary. An erpre-ssion of 
these phj’sical terms in equivalent terminology ^\ ill l>e found 
in Table , p. 102. 

It should bo borne in mind that the greater part of the 
cardiac energy is expended, not indriring the blood through 
the vessels, but in distendii^ the walU of the arteries. 

The more efficient is the drculatoo' mechanism, the lower 
IS the pre&surc required to circulate a given volume of blood. 
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If the individual cardiac contraction becomes quicker 
and more powerful, though the volume of blood put out -with 
each beat is unchanged, the systolic pressure uill rise and 
the diastolic remain stationary ; if the peripheral arteries 
contract, andtheir resistance to blood flow becomes increased, 
both systolic and diastolic pressures be elevated. A 
drop in the systolic and diastolic pressures will occur if each 
heart-beat becomes prolonged or less forceful and if the 
arterioles relax. In blood pressure changes with rest or 
emotional stimuli both these factors are concerned. s? 

The systemic arterial pre&sure far exceeds that in the 
arteries of the pulmonary circuit. The reason is that a 
highly variable physiological resistance exists in the 85 'stemic 
arterioles, whereas in the pulmonary circuit no such resist- 
ance occurs, since in the lungs there is no necessity for one 
inflated portion to receive more blood from the pulmonary 
artery than another, for all portions fulfil the same function, 
i.e., aeration of the blood. When an organ demands an 
increased blood supply, all that is needed is for its arterial 
system (notably the arterioles) to dilate, uhen the blood is 
iiven under a high pressure through the corresponding 
capillaries. These vessels are capable also of active contrac- 
tion and dilatation, these phases probably coinciding 
actively with corresponding arteriolar phases in response 
to the tissue needs of the moment. 

In ihe clinical sen^e “ blood pressure ” should bo held to 
include diastolic, mean and systolic pressures. 

The common acceptation of the term a.s denoting only 
systolic arterial pressure, which when stated as a number 
— e.g., 160 — is usually taken, to denote “ systolic pressure in 
the brachial artery at the time of investigation measured in 
millimetres of mercury,” is too nar^o^%•, since it represents 
only a portion of the whole which it should portray. At 
each estimation the observer should bo satisfied with nothing 
less than a record of the systolic pressure, the diastolic 
pressure, the differential pressure, the pulse rate and the 
figures for the latter two multiplied together. These five 
essentials together constitute what I have termed “ the 
complete arterial pressure picture ” (p. 27). If oscillometric 
methods be used, the mean pressure can also be recorded. 
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Minimal (Diastolic), Maximal (Systolic) 
and Mean Arterial Pressures 
Because the driving force of the left ventricle is not 
continuous, but intermittent and pump-like, the output 



pteaQ pressure «eu:>ciou« pwssw ")• 

of blood is sent forward ia waves, which rbj'thmically 
distend tlm \\-aIU of the arteries and so produce the ptibe, 
the base of each ware corresponding with tJio least, or 
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minimal, pressure, whilst the crest of each wave corresponds 
with the greatest, or maximal, pressure (Fig. 38). 

Since the minimal pressure occurs between successive 
ventricular contractions, i.e., durii^ the resting time of the 
heart (diastole), such pressure is also termed “ diastolic,” 
whilst to the maximal pressure the term “ systolic ” is 
applied, because it happens during ventricular systole, t.e., 
that portion of the cardiac cycle during u’hich the ventricles 
are in process of contraction. 

Hence it is incorrect to speak of arterial blood pressure as a 
fixed and definite entity for any individual. In reality it is 
an amount which ia constantly _^«c£uah'nr; 6e£u'ecn certain 
minimum and nja.rimwm values characteristic for each subject 
under like eondilions of observation. At the outset, tlierefore, 
it is of the greatest importance to remerabor that, of the two 
pressures, the minimal pressure is the more valuable in that 
it » a measure ai the moment of a variable burden which, 
during the life of the individual, the arteries and aortic 
valves must continuously bear, and from which there is no 
escape, whilst the maximal pressure indicates only an 
intermittent and superadded load. 

Differential (Pulse) Pressure. — Differential pressure is the 
difference between the diastolic and systolic pressures ; e.g., 
a diastolic pressure of 80 and a systolic pressure of 130 will 
yield a differential or so-called ” pulse ” pre.ssure of 4.4. 

Mean Pressure. — In laboratory experiments on animals 
the mean pressure has long been recorded, but in clinical 
medicine no importance was attached to it until the observa- 
tions ofPachon in 1921. Since that time a series of publica- 
tions by the French school of medicine, notably by Astier, 
Fontan, Dodd, R. Roger, Chevallereaii, Escaich, Vaquez, 
ICisthinios, Gley and Gomez,” Yvave assigned to this 
measurement a value which can only be regarded as some- 
what artificial in comparison with the real and vital value 
of the diastolic pressure. The mean is not, as commonly 
supposed, the arithmetical mean between the dia-stolic and 
systolic pressures, but is the average pressure at a given point 
which, in a pulse tracing, appears at a level often, but not 
necessarily, nearer the diastolic than the systolic pressure. 
The shape of the curve being, however, verj' variable, there 
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is no fixed or absolute relationship between the mean pres- 
sure and the minimal and maximal extremes. The above 
points are clearly sbomi in Fig. 37. 

In practice, the mean pressure is that pressure within the 
armlet which corresponds with the oscillonielric index, 
that is to say, the largest oscillation measured during the 
course ol an ostillometric investigation. This largest 
oscillation follows immediately upon complete decompression 
and elastic distension of a previously constricted artery 
under the influence of a wave of pressure corresponding 
with cardiac systole. Hence two basic (actors enter into its 
composition, (o) the force of the cardiac impulse, {It) the 
degree of arterial constriction or relaxation in the vessels 
under investigation. Both these factors are variable^, so 
that unless one js known, or renmms constant during 
observation, the other cannot be inferred. Thus, although 
variations of the indc-x in the same subject is hclpftd 
in symptomatology, a comparison of rcsjiectivo values 
cannot directly be made in different subjects. 

Under vaiy-ing mccbam'cal, chemical or phj’sical conditions 
the same mean pressure will not yield the same circulatory 
output. Hence consideration solely of this pressure does not 
suffice in assessment of circulatory efficiency or inefficiency. 
This conclusion has been reached by Pachon and Fabre 
and confirmed by Linn.®’ 

From the foregoing it would oppear that no solid grountla 
exist for attributing to the mean pressure tho '* great 
importance ” wluch by the French School, under the 
influence of Pachon and Vaqucx, it is stated to possess. All 
arterial pre^uies are “ dynamic," hence the adjective should 
not be limited solely to the mean pressure, tioc are the 
terms " efficient " or " efficacious " anj’ the more applicable 
in view of the conclusions mentioned la the preceding 
paragraph. 

The Aim of Blood Pressure. — TJie aim of blood pressure 
is the maintenance of blood flow, and the strong cla.stic 
recoil after distension of the great aortic reservoir is one of 
the leading factors by which an efficient circulation is sus- 
tained, since in recoil the aortic reseix’oir functions like a 
second heart.** 
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The Peripheral Resistance. — ^The peripheral resistance is a 
combination of several elements, including viscosity of 
the blood and variation in cabbre of the smaller arterioles 
and capillaries under the influence of the vasomotor system 
and the external pressure exerted upon them by the tissues. 

The Sympathetic Vasomotor Nervous System. — This system 
consists of a vasomotor centre in the medulla, mth sub- 
sidiary centres in the spinal cord. The paths for vasomotor 
reflexes are receptor (afferent) and excitor (efferent). The 
receptor paths are (i.) pressor and (ii.) depressor. “All 
sensor 3 ’ nerves are pressor in their action, causing the vaso- 
motor centre to tliron- out increased coastrictor impulses, 
particular!}' to the splanchnic area. This tends to produce 
a ri'^e of pressure. . , . The only pure depressor nerve is 
the depressor branch of the vagus. It provides a 'way of 
escape for the heart when labouring against too high a 
blood pressure. But depressor flbres may also be demon- 
strated in sensory nerves.” Stimulation of these brings 
about a fall of pressure. The excitor channels are also of 
two lands: (i.) constrictor and (ii ) dilator. Of these the 
vasoconstrictor arc by far the more numerous and important 
in controlling blood pressure. 

The vasomotor system as a whole is concerned with the 
regulation both of general blood pressure and local blood 
supply, and, as wo have already seen (pp. 13, 15), when stimu- 
lated by the pressure of the armlet modifies arterial tonus 
as expressed in the vibrant and sonorous qualities of the 
arterial wall. As Barbier has well said, “ le sympathique 
est le tendeur du tambour artcriel.” 

Tone, Tension and Viscosity 
Not infrequently confusion is apt to arise as a result of 
lax use of the terms “tone,” “tension,” and “viscosity,” 
and .since each of these has a distinct bearing on the subject, 
it is necessary to outline their several significations. 

Tone.— During life the arteries, large and small, may be 
much constricted as a result of contraction, or much 
dilated as a result of relaxation of their muscular fibres ; 
or, again, during long periods they may be kept in a state 



78 


HIGH ARTERIAL PRESS (.TIE 


of moderate contraction (tonus). Such variations in calibre 
are brought about by activity of the vasomotor nervous 
Bj-stem, the first and thinl states being caused by stimula- 
tion of vasoconstrictor fibres, the effects being both local 
and general, whilst the second occurs from stimulation of 
vasodilator fibres, the effects being limited to special vascular 
areas, in response to local requirements of organs or tissues. 

Tonus (or tone) is thus an active state of the smooth 
muscle of the arterial wall n-iiich determines and regulates 
ite kinetic function, ilusclo tone depends on ma ‘•I*’ con- 
sistency, wliich latter has to do with stratification i T the 
muscle cells. Witli inereaseil tonicity the vessel bec^im(^ 
harder, and the difference is apprcciahlo to the touch. 
" Tone in a vessel is that wliich prc.servcs its mean 
diameter, the due proportion bctucen the extremes of 
dilatation and rccoii, and lias furthermore the somewhat 
cUffcccnt virtue of keeping the vessel wall well homo upon 
its contents.” 

Arterial tone as a component of blood pressure cannot 
he ignored, but at times its importance is apt to be 
magnified, and in assessing the ijuahty of the pulse, as 
I Jiave already said, the finger of itself is often insufficient, 
since the calibre of any artery can undergo considerable 
alterations. 

Tension.— “ Tension ” is frequently used, especially by 
the French and American schools, a« ajmonymous with 
” pressure,” e.g., “ pulse ten«ion,” ” arterial hypertension.” 
Tension, however, implies a jmll, while proNnirc implies a 
jyusli. In any event, ** Hupertensjon ” should bo read for 
” hypertension.” With reference to blood pressure, how’- 
cver, it is more correct and less obscure to drop the latter 
Jiybrid term altogether. *’To the coats of an artery only 
can the word ‘ tension ' apply. The ‘ blood ’ cannot be 
tense in any hut an abstruse mathematical sen.se. . . . 
Tension is the stress which tends to split the artery longi- 
tudinally or transversely, and such stress is at more advan- 
tage when the vessel is relaxed.” ** In his last publication 
Allbutt ob.«erved that “hypertension ” (or, to speak more 
grammatically, iiyper/ow« or ewpertension) denotes too 
narrow a meaning; “tension” can be predicated only of 
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the proximal distended vessels, and in them is not the 
essential factor ; the essential factor is the rise of blood 
pressure.” The effects of tension are best seen, in an 
advanced case of aortic regurgitation, but “hypertension,” 
as applied to a blood pressure which is raised, can only be 
regarded as a misused term 

Density, Specific Gravity, Viscosity. — Density is the pro- 
portion of mass to volume or bulk. Specific gravity is the 
weight of any given substance as compared with the weight 
of an equal volume or bulk of water or other standard 
substance at the same temperature and pressuie, and is a 
function of density. Viscosity is the property of a liquid 
whereby it resists the relative motion of its parts. This 
property is analogous to that of friction. For example, 
water flows easily on itself or on other surfaces, whereas 
treacle or some of the heavier oils do so uith greater diffi- 
culty. On the other hand, the specific gravity of water is 
often higher than that of a treacly oil. 

Viscosity, therefore, is not specific gravity, for high specific 
gravity may co-exist w ith low viscosity . Viscosity connotes 
increased resistance to the flow of a liquid, so that, if we 
accept Allbutt's view that “nearly 200 times more of the 
heart’s energy is expended in overcoming friction than in 
direct transference of velocity to the stream,” ” we shall 
scrutinise most carefully any degrees, however small, in the 
stickiness of the circulating fluid.” 

Blood viscosity depends on two main elements : — 

(а) Colloid, the degree of viscosity varying directly with 
the size of the individual colloid molecules contained in the 
liquid, the albumin molecule being larger than the globulin 
molecule. Thus an increased ratio of albumin to globulin 
points to an increased blood viscosity. 

(б) Crystalloid. Blood viscosity is also capable of being 
increased by a preponderant content of heavy metallic ions, 
such as ionised calcium. 

Blood density curves closely agree with those for per- 
centage of hsemoglobin and number of erythrocj'tes. Hence 
in, true splenomegalio polj’cythjemia (erythrajmia) the 
blood viscosity, as measured outside the body, is greatly 
increased. In spite of this, however, arterial pressure rang^ 
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only slightly, if at all, above the average, and the left 
ventricle is not usually hypertrophied. Variations in density 
which arc readily balanced by increase or decrease of water 
content absorbed from the tissues do not largely affect 
arterial pressure. So that wo may conclude that, although 
density lias its share in maintenance of blood pressure, yet 
clianges in consistence and viscosity can readily he balanced 
by the tRsues. 

Investigations now proceeding all over the uorld into the 
biochemical composition of the blood and farther elucida- 
tion of colloid and crystalloid phenomena wliich take place 
therein may possibly afford assistance in solving the problem 
of the causation of lugh arterial pressures, and in particular 
of the diastolic pressure, although up to now no direct 
relationship between blood Wscosityand blood pressure has 
been ostabli.sbed. 



CHAPTER V 


Physiological Variations in Arterial Pressore 

" We are apt to conceive too nnilonn « notion ot blood pressures, fo regard 
tbem as moving with a piston-lile action on rceiprocatmg planes ; whereas a 
better comparison would be with the naves ol the sea, or witli the wafting 
undulation of a large bird.” 

AiXBrrr : Sgttem of Medicine. 

Once the fundamental factors (outlined in Cliapter IV.) 
on which blood pressure depends are clearly grasped, the 
reader will find little difficulty in tracing the processes of 
physiological variation, and, from a comprehension of these, 
can logically follow the sequence of events which occur in 
disordered and diseased states. 

From the way in which “ blood pressure ” is often spoken 
of, it would appear that a certain blood pressuro is assumed 
by many to be as characteristic of an individual as are 
his physical peculiarities. But this is not so, for though 
usually confined within certain general limits, yet such 
pressure is not constant from month to month or from day 
to day, but, from respiratory, psychical or other causes, may 
fluctuate widely and rapidly both in health and in disease, 
even during the brief time of investigation. Hence the 
maximal and minimal bounds between which arterial 
pressure normally rises and falls are the important criteria 
which in every case u e must definitely determine.®* . 

Significance and Importance of the Diastolic 
Pressure 

Since the methods by which diastolic pressure can readily 
and accurately be determined have been described only 
within recent times, and because earlier workers had 
perforce to bo content rvith registering systolic pressures 
alone, it is, perhaps, not altogethcc surprising, though most 
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xiofortunate, that even in certain motlern books the authors 
have contented themselves \rith recortUng only systolic 
pressures, thus hampering greatly the usefulness of their 
otherwise admirable work. 

A few there are who still think that registratioo of the 
diastolic pre^isure is an irksome and needle«s refinement, 
and that for all practical purposes a record of tlie systolic 
pressure suffices. 

To record the maximum pressure whilst ignoring the 
minimum not only nflortU no indication of what the mean 
pressure U likely to be, but resembles attempting to solre 
a complicated problem of wliich only one factor is given. 
“ J^o fact regarding tho blood pressure is better established 
than its wide range of variation in any individual. It is. 
therefore, impossible to speak of a normal value for blood 
pro.ssuro, but only of certain normal upper and lower 
limits.”®^ 

In short, records of systolic prcs.surc alone arc of com- 
paratively little value, because the knowledge which eucli 
limited data afford is vastly infenor to timt which is 
obtained from a consideration of the complete arterial 
pressure picture of systohe prcs-»uro in relation to tliastolic 
and pulse pressures and pulse rate 

The reasons which cause me to reaflirm that the 
diastolic pressure is of paminoiint importance are a.s 
follow ; — 

1. Diastolic pressure is the measure both of peripheral 
resistance and of vasomotor nervous tone. Since tho degree 
of peripheral resistance can thus lie inferred, the diastolic 
pressure may be considered to lie a better index of high 
arterial pressure fhan is the systolic pre.ssure. 

2. In relation to sj-atolic pressure the diastolic pressure 
is tho more important in that it is Marey’s®® “ constant ” 
element in arterial pressure, transitory sj-stolic elevations 
which form the pulse representii^ only on intermittent and 
Buperaddeti load. 

3. Tlie diastolic pre.s8ure is the measure of the load which 
throughout life tho arterial walls have continuously to 
supi>ort (Fig. 38), and is signiGcant not only from tho effect 
produced in them by mechanical tension hut “ with regard 
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to the influence of an excessively high iliastolic pressure upon 
their blood supply, especially in the vessels of the lower 
extremity, where, in the erect posture, the diastolic pressure 
is greatly augmented by the influence of gravity.” 


mm.Hg. 



F(a. 39.— ‘Dagram shoiring tbe lebtion of the diMtohc to the systolic 
pressure. In this esampte the figures for the mpectiTe pressures are 
arbitrary. 

4. The diastolic pressure is the measure of resistance 
in the aorta which has to be overcome by the blood stream 
in separating the aortic valves during the initial stages of 
left ventricular contraction (Fig. 40). 

5. It is one of the indices of the driving force of the heart 
and of the eliminative capacity of the body. 
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G. In rcLvtion to Ryst<^ic pressure it constitutes the 
additional necessary factor in tho equation, for determining 
tJie differential piessiirc (Fig. 41). 

7. The systolic, diastolic and differential pressures, ulien 
conjoined with the pulse rate, and the product of the figures 
for tho tuo latter together make up “ the complete arterial 
pTCssuro picture.” 

8. The diastolic pressure is tncrcescif hy causes w liich pro- 
duce vasoeon-striction and so Jieigliten tlio |wripheral re«i-t- 
nnec, e j/., aortic stenosis or loucred temperature ; at times 
by increased rapidity of cardiac action ; by incrca.sccl jiitra- 
cranial tension, eg., cerebral tumour, meningitis, and in 
certain cases after exercise. 

y. Gradual jncieasc of diastolic pressure means harder 


^ fJuKt *** 

rin 40 — DnvT^m tboiving (he l((t tmlridc an'l arlprial dann;; 

ditetol*.* Tfv? diMtylie i<K*sw m 8<» mm »n«l ^ tMwtftWo 

bomo th^i iiortio laUos aixl anoml ««IU AfiiJ dirK'trd tontrar/ ia 
ciRiiae torce The pnircr tami»hrd l.y Ihf bfart mn« be auflicient to 
thu rraiatanre ftml enoii;li lo esceM to rvn'icr it* work [Wtcntial 
in th« artcrvil «all 

work for the heart to supply the parts of the body with blooil. 
As compared \utli the transient systolic elevation at each 
heart beat, the significance of the diastolic pressure in rela- 
tion to bursting of a degenerated cerebral artery is great. 
“Tills IS illustrated hy the comparative rarity of cerebral 
haamorrhage in cases of aortic regurgitation, with its high 
systolic but low diastolic jiressures.” In arteriosclerosis, 
mci’eased diastolic pressure is accompanied by increased 
differential pres.«ure and increased size of the left ventricle 
temporarily (e.\erci«e) or jiermnnently.**' 

10. Tlie diastolic pressure is louerct} by c.iu-es which 
produce \aaoihlatation, and so lower tlic peripheral resist- 
ance, c.j . fevers, certain cases of hyjK*rth\TOidi«m and 
neurasthenia . sometimes hy conditions which slow the 
lieart rote, e.g., heart block ; by dimini-hed resilieiici* of the 
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arterial walls in the absence of increased peripheral resistance ; 
and by aortic insufficiency. 





Fig. 41. — Diagram ihowing left ventricle and arterial system during systole. 
The diastobc resistance (penpheral resistance) of 80 mm has been 
overcome by a systolic force of 120 mm Tlie difference between these 
two pressures, the pulse pressure, is 40 mm., and represents the 
efficient work of the heart m maintaming the circulation (Figs. 40 
and 41 by courtesy of Messrs Short & Mason, Ltd ) 


Significance of the Systolic Pressure 

Systolic pressure indicates the maximum cardiac energy 
at a given moment, together with the degree of peripheral 
resistance. It fluctuates within wide physiological limits in 
response to tho various activities and needs of the body, 
being modified under conditions of sleep, rest, posture, food, 
exercise, emotion, etc. (pp. 94 el eeq.), the intermittent and 
more or less regular transitory elevations of systolic pressure 
above the more stable diastolic level constituting the pulse 
wave. 

Significance of the Differential (Pulse) Pressure 

Differential or pulse pressure is not a direct measure, like 
the minimal and maximal pressures, but only the difference 
between these two variables, upon which its attributes 
depend. 

Clinically, the differential pressure represents the load of 
the heart. Systolic and differential pressures yield myo- 
cardial values, whilst diastolic pressure mdicates the degree 
of arterial and arteriolar resistance. 

Wide variations in the differential pressure from standard 
readings at various ages are x>osaibIe, the coefficient of varia- 
tion for differential pressures being more than twice as large 
as tho 83 ‘Btolic in some age periods, and nearly twice as 
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large as the diastolic coefScients. Standard averages 
remain about 44 mm. bet\reen ages twenty-five and fifty-fire, 
after which they show considerable increase because of the 
faster rise in the systolic than in the diastolic pressure. 

In adult life the normal range of differential pressure is 
from 30 to 55 mm. Expressed otherwise, under conditions 
of normal pressure balance differential pressure is about 
40 per cent, of the average systolic reading and G5 per cent, 
of the average diastolic. A differential pressure reading 
below 30 mm. suggests an error of observation, except in a 
young child. 

Tile higher the maximal pressure the larger us»ualJy is the 
differential pressure. Differential pressure also depends on 
pulse rate. With a slow pulse the blood stream has mote 
time to flow through the arteries in diastole. Hence diastolic 
pressure will he Imrere<l and diffcrentinl pressure increased. 
In general, the slower the pulse rate the larger U the differen- 
tial pressure ; the mororapid the pulse ratcthesmallei is the 
differential pressure. 

Significance of the Mean Pressure 

In direct contrast to systolic pressure, jnean pressure is 
a physiological constant in the same stibject, the standard 
range being from 80 to 100 mm., with an average of 00 mm. 
Its physical equivalent is the o'«cilloinetric inde.x (p, 7fi). 
which bears to the minimal pressure a ratio normally of 
about one-third. This ratio is linked iwth the heart rate, 
decrea-sing with increasetl systolic effort and with incrcaseil 
peripheral resistance. Any figure for mean pressure exceed- 
ing 110 mm. Hg. may he regarded aa pathological At times 
the onset of hyperpiesis is signalised by rise of tlie mean 
pressu « alone. Wide variations of extremea of prc.«sure are 
not dahgerous provided mean pcessuro remains relatively 
stable, ^hereas variations of mean pre.s3ure induce grave 
cmculatow disturbances.** 

m’erage Normal Arterial Pressures 

I., In Chmtfren. — ^Arterial pressures gradually ri-^ from 
birth, Nfit w hi^i the systolic pressure varies betw cen 20 ami 
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60 mm. Hg ; in infants up to two years it averages 80 mm. 
The diastolic pressure is relatively higher, and the differential 
pressure is about 10 mm. less than in adults.*® The systolic 
pressure shows a slight but gradual rise from three to ten 
years, after which the increase is more abrupt, with a rapid 
elevation in the fourteenth year during adolescence. 

The f olloa ing table of average arterial pressures from ages 
three to fifteen is based on 2,300 observations on well- 
nourished schoolcliildren of both sexes by Judson and 
Nicholson,^® who employed the auscultatory method checked 
by a modification of Erlanger’s instrument. 


Table I 


Average Arterial Pressures t» Children 
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In boys and girls of from four to sixteen years of age, 
Faber and James have stated that the mean systolic 
pressure shows no significant differences between the sexes, 
whereas the mean diastolic and mean differential pressures 
show significant sox differences. Standard deviations are 
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greater for girls, indicating a normally greater variability in 
fenrales, especially dtiring adolescence. 

In British boys Stocks and Knm *- find lower systolic 
averages at age 3 than those recorded by the two sets of 
American observers just quoted but a considerably higher 
level at age 14 (115 mni ) — a rise of 30 mm., nearly twice 
that found by the latter authors. Stocks and Karn find the 
accelerated rise between ages 13 and 17 to amount to IGmm. 

Melvin and Murray 3G found the atJscnUaloty methotl 
easily applicable to twelve healthy children of ages between 
eight and fourteen, who gave an average systolic value of 
107 mm. and a dia-stoUc value of 74 mm., \ritU an average 
puls© pressure of 33 mm. 

“ The rising pressure of childhood tmclergoes some 
acceleration abotit ptiberty and reaches the normal adult 
level somewhere in the age period of seventeen to twenty ; 
there is some evidence of a slight lowering in the early adult 
years, Tlic pressure then alters little up to the age of about 
forty, after which a more definite progressive rise becomes 
manifest." 

II. In Adults. — Both for cluUlren aitd adults reliable 
British figures arc few. American figures both for healthy 
children and adults are lower than those usually found in 
this country. Whether the c.\pl.inntion lies in tlilTerences 
ih^enrironment, including cUmate and diet, or along other 
linffi, is uncertain. 

leadings by Continental and American observers under 
vs.-jous conditions of observation place the level of tho 
diastolic pressure at between 05 and 110 mm. for adults, 
which acconls with tho figures given hy Janeway.** Tins 
upjier limit, based on obser^'atlons with tho older types of 
instruments, is far too high, and it is in accord with later 
e.vper/cnce that a diastolic prossuro persistently above 
90 mni. is to be regarded with suspicion, whilst one of 95 mm. 
or ovei is definitely pathological. 

Ail t^e following figures are stated on the assumption 
that this blood pressure is estimated In the absence of 
p.sychicfil and phj-sical disturbing factors, the subject being 
seated w-jjth muscles rehtxcd. My own series of averages I 
ha\c t-el i I't as followR : — 


AVERAGE NORMAL ARTERIAL PRESSURES 89 


Table II 


Standard Arterial Pressures for Adults at all Ages 



Systolic 

Di»stolic 

Differential 


Pressure. 

Pressure. 

Pressure. 

Jlen . 

127 

83 

44 

Women 

123 

81 

42 


Further observations witli modem instruments on stan- 
dard normal arterial pressures at various ages, especially as 
to the diastolic level, are still re^iuired, since one can only 
place reliance on those which have been collected during 
the past few years for four chief reasons ; (1) Pioneers of 
blood pressure investigation dealt only with small numbers, 
which are insufficient to obviate experimental errors due 

Table III 


Sytlohc Pressure — Men Only 


Age. 

STinoDds. 

Huater. 

Average Totals. 
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126 

125 

125-3 

40—44 

12G-5 

127 

127 

126-8 

45—49 

128-4 

129 

129 

128-8 

50—54 

130-9 

132 

133 

131-9 

55—59 

133-9 

135 

134 

134-3 

60 and over 

135-2 

137 

— 

130-1 

Entrants . 

150,419 

18,637 

62,000 

231,056 
Total Entrants 
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to perponal equation and to fnlfil the ]aw of averages. 

(2) All earlier records and, unfortunately, many later ones 
are concerned solely with systolic pressure. With old 
apparatus this deficiency is comprehensible, for dia.stoIic 
pressure could not be registered uith any accuracy, and 
therefore as so variable as to be of little or no importance. 

(3) Early tj-pes of armlet, whicli were all too narrow, neces- 
sarily caused readings to be too high. (4) All the American 
assurance figures are vitiated for clinical purpose®, l)ecause 
of the arbitrarj’ choice of the very end of the fourth phase, 
just before silence, as the criterion of diastolic pressure, a 
point which is alu-ays too low, and not infrequently far too 
Jow. 

Notwithstanding this defect, uhicb is in some cases 
serious, it is to Aniericin life insurance that we are mdebtcfl 
for the only data of arterial pressure which have to do witli 
vast numlwrs of healthy subjects. Tire comprehensive 

Table IV 

Aterage BystoUe anA Diatilolic Pre^iures (Symond®) 


M«n. 



SyitolK. ^ 

DiMtolv 


DiutnlK 

15—19 

121-2 

77-7 

iin 2 

77 2 

20—24 

123-4 

79 0 

120 6 

78 2 

on 

123-9 

80 5 , 

120-9 

78-8 

30—34 

123-8 

81-5 

121-7 

80-,3 

35—39 ' 

124-9 ' 

82-7 

123-3 

Kl-8 

40 — 44 ' 

130-5 

83*8 

130 0 

83-4 

45 — 49 1 

128-4 

84-9 

128-2 

8.7 0 

50—54 ' 

130-9 

8C3 

130 9 

S7-I 

.55-— 50 1 

133-9 

87-0 

134 8 

87-8 

lib and over 'i 

wr.-2 


135 3 

89-8 


Entrants . j 150.419 60.733 


11.9.37 
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reports are to hand, namely, those of Fisher (1914),^ 
Jlackenzie (1915),“'* Rogers and Hunter (1919),”^ Goepp 
(1919),’® and Sj'monds (1923).*® 

Table III. has been compiled from the records of three 
series of observations taken under similar conditions and 
age groups. 

Fisher deals with an additional 19,330 cases, the average 
s^-stolic pressure for all ages being 128*91, and Goepp nitli 
9,99G, his average for all ages being 123*1, but both take 
slightly different age groups, which prevent inclusion in the 
above table. In Fisher’s report only 13 per cent, of entrants 
are younger than thrrtj’-six, so that his general average is 
high. In JIackenzie’s and Goepp ’s tables the largest number 
of entrants was about agethirty,so that theirgcneral averages 
are low. Goepp’s examinations were made in I91S under 
war conditions, particularly in the matter of eating and the 

Table V 

Average Differential Pressures — Men only (Symonds) 


Age*. 

A>eTage Total*. | 

15—19 

42-9 I 

20—24 

43 0 1 

25—29 

430 I 

30—34 

41-8 , 

35—39 

42-2 I 

40—44 

42-3 j 

45 — 19 

43-1 

50—54 

45-2 , 

53—59 

40*7 

GO and over 

49-2 1 

' 1 

6,071 

, 1 
i 42-8 1 

Entrants. 

All ages. 
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use of alcohol, \rhicli may hare lowered the general and 
individual age period averages. 

By reviewing these tabulated figures with large numbers 
of my ouTi records I have drawn up the following theoretical 
table corrected to represent standard arterial pressures at 
various ages for men of merlium physique (Table VI.). 


Tabu: VI 


Thtordital Slandard Arterial Pressure* in Jllales oj 
Medium. Physique at various Ages* 


.Age in Tears. 

Syrtolm PreaMire. 

Diastolic 

Tressnre. 

Differential 

rrcssTire 

At birth 

20—00 
(average 40) 


1 1 

Up to 2 

80 

4S 

32 1 

5 

88 

55 

33 

10 

100 

64 

30 I 

15 

no 

70 

40 ] 

30 

122 

80 

42 1 

25 

124 

81 

43 i 

30 

I2G 

82 

44 

35 

127 

83 

44 

40 

128 

84 

44 

45 

129 

85 

44 

50 

130 

80 

44 ; 

55 

132 

87 


00 

135 

80 

40 1 

65 

140 

90 

50 , 

70 

143 

92 

51 1 

75 

147 

93 

54 1 

80 

150 

01 

56 , 

Over 80 

All prcss’ires tend to fall. 

\ 

i 


• PjUBurcVwt muted b;’ inwolUtoiy meti^d >ntb Rifra-Roeci or Tyco* 
types of instrument. In children under the s^pi of seven yesrs the d»sto!ic 
tKiint is difficult\o determine. 
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Athletes often give readings below standard, owing to the 
effect of training in promoting a vigorous peripheral circula- 
tion. At times the systolic pressure may be as low as 100 to 
105 mm. As a result of greater vasodilatation, low pressures 
are alleged to be the rule in tropical countries.’’ 

Tables, though hand 3 ’ for reference, are hard to memorise. 
Hence, whenever one comes across a case in which the blood 
pressure is out of the ordinary,’, it is desirable to be able to 
apply some easy rule for finding out what is approximately 
the standard pressure for a given age. The popular idea 
that the systolic pressure of any adult can be arrived at by 
adding 100 to the age in years is erroneous and most 
inaccurate, particularly for all ages over forty years. It is 
negatived by posl-mortem evidence as to the weight of the 
heart in hypcrpiesis as comjwred with records of the arterial 
pressure during life, for, in both sexes, greatest increase in 
heart weight does not coincide with the greatest age 
(p. 105). 

A closer approximation is afforded by taking standard 
systolic pressure as 100 plus half the age, and standard 
diastolic pressure as 75 plus one-quarter of the age. 

It must, nevertheless, be realUed that no mechanical 
formula is likely to be as e.\act as the above theoretical 
table. The two rules which the author finds best and 
most serviceable in practice are here appended ; — 

1. Simple Rule for calculating Standard * Diastolic Arterial 
Pressure (Halls Dally ). — Talcing standard diastolic pressure 
at age twenty as 80 mm. Hg, Jor each five years above twenty 
up to and including age sixty add 1 mm. Hg, and for each 
five years above sixty up to and including age eighty add 
2 mm. llg. 

2. Simple Rule for calculating Standard* Systolic Arterial 
Pressure (Halls Dally ). — For ages Ucenty up to sixty, standard 
systolic pressure equals 120 plus one-fifth of the age. At age 
sixty standard systolic pressure is 135, and for each year 
above this up to and including age eighty add 1 mm. Hg. 

Standard differential pressure between ages fifteen and 
twenty-five is 43 mm. Hg ; between ages twenty-five and 
fifty, 44 mm. Hg. 

• Standard « “ noimal,” i.*., non.|>athologieal. 
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Limits of Normal Arterial Pressure Variation 

Systolic attmal pressure may varj’ 15 mm., and diastolic 
pressure JO mm., oiore or ie/oa? the figures given in Table VI. 
for various ages witiiout such deviations being regarded as 
necessarily abnormal. 

The lowest normal limit of systolic pressure ma3' be 
regarded as — ^in young children, "0 mm Hg ; in adolescents, 
85 mm. Hg ; in adults, 105 mm, Hg. 

For working purposes it may be said that “normal” 
arterial pre-ssures for jxmng and healthy adults are as follow ; 
tho sj’stolic pressure maj' vary between 105 and 125 , the 
diastolic level is usually between C5 and 80 mm., ami the 
differential pressure 42 to 44 mm. The figures usually met 
with under normal conditions from middle ago onwards 
range from 130 to 145 mm. Hg. 

Influence of various Physiological Factors on 
Arterial Pressure 

Body Weight, Age, Height and Sex.— .\rterinl pressure 
varies directly w'ith weight and height, as a rule increasing 
with incieasmg weight, and tnVe versd. Height has a similar, 
but less, influence. Larlniore^* found that in 417 factory 
hands the sthenic liabitus was accompanied by a higher 
arterial pressure than the asthenic The pressure in the 
hypostlienic habitus was intcmiedinte. 

Examination of 200,000 males. who«e lives were insured 
between 1887 and 1008, and whose histories were followed 
till 1 5)21 or prior to termination of the policj', has show n that 
danger to life increases directly- with the degree of over- 
weight. Tlie relation between age and weight is also note- 
worthy. After age forty-five exec.s.s mortality among over- 
weights becomes of great imi*ortonce. Tliose w ho are more 
than 25 per cent, oveia^eight have a mortality rate double 
the normal (l.i I. Diiblin). Nevertheless, the normal rise in 
arterial pressure during the second half of life, as evidenced 
by mass statistics, does not amount to more than 1.5 mm. Hg. 

In women up to the age of forty years, standard diastolic 
and systolic pressures arc a few roiUinictTCs lower than the 
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above figures for men. After this age in ^omen, standard 
systolic pressure becomes equal or higher, while diastolic 
pressure for the next ten years remains about the same. At 
the age of fifty, standard diastolic pressure increases rapidly, 
and afterwards is substantially higher than that for men. 
Perhaps menstruation is responsible for the lower range of 
pressures in women below forty, but it does not seem 
reasonable to assign the menopause as the cause of higher 
pressures after fifty. Note that systolic and diastolic 
pressiires in both men and women show a definite increase 
with weight as well as with age. 

Sleep. — During quiet sleep there is a fall of from 10 to 
20 mm. or even more in the systolic pressure, u ith a fall also 
in the diastolic, both as a result of lessened irritability of 
the nervous sj'stcm, muscular rela.vation, and vascular 
dilatation, the pulse rate being slowed by twenty beats 
per minute. The pressures are lowest during the first few 
hours, and gradually rise again towards the hour of waking. 
During disturbed sleep the systolic pressure may rise from 
60 to 70 mm., and the diastolic by 30 mm. Hg, which accounts 
for the incidence of cerebral haemorrhage during sleep in 
about 20 per cent, of hjq)erpietic8.’* 

Rest. — The combination of muscular relaxation and mental 
quietude produces similar effects to tliose observed during 
sleep, tliough to a less degree. 

Posture. — Mortensen ** found on examination of several 
hundred adults of both sexes that passive postural change 
from the reclining to the standard position caused slight 
decrease in systolic pressure and slightly greater rise in 
diastolic pressure, thus cutting the differential pressure at 
both extremes. There was also a uniform increase in pulse 
rate. In very few cases was the systolic pressure higher in 
the erect posture, and in no case was the diastolic lower. 
The findings of Max Ellis in the main correspond with 
these results. 

Food. — The influence of food intake on blood pressure is 
not yet definitely established. Probably immediately after 
meals a slight rise which results from gastric filling occurs in 
systolic pressure, accompanied by a constant fall in diastolic 
pressure, even up to 20 mm., independently of the time of 
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day. This is speedily succeeded by a drop in systolic pressure 
to below standard level, coincident with the period of active 
stomach secretion. Finally, there is another rise probably 
due to intestinal distension with food. 

Fasting. — Fa-sting induces a gradual fall in both pressures 
which rapidly return to nonnal when the fast is hrohen. 

Alcohol. — (1) Experiments show that, if alcohol raises 
blood pressure at all, such rise is transient, depending on 
temporal^' reflex vasoconstriction in the splanchnic area 
through the afferent fibres of the gastro-intestinal surface, 
and that, as soon as alcohol reaches the blood stream, 
peripheral vasodilatation results, and the pressures fall. 
Intravenous injection of alcohol causc-s a drop in blood 
pressures without preliminary rise. 

(2) Donnison’s observations on African natives support 
the view that hyporplcsls and arteriosclerosis are evils 
connected nith civilisation and mental stress, since in 
1,800 natives mvestigateil by lum no clinical case of raised 
Arterial pressiu^ nor of arteriosclerosis uas found. Yet, 
to iny kno« ledge, there arc few races, hou ever primitive, 
that do not brew tome form of alcoholic beverage. 

(3) Hyperpiesia and artcriosclcnjsis arc by no means 
necessarily coincident, i.e., in only about 50 per cent, of 
cases of established arteriosclerosis are arterial i»res.«urcs 
above normal. 

(4) Of 10,002 policy holders of the New York Metro- 
politan Life Office, 19-8 per cent, manifested abnormal 
arterial pressures, approximately IG per cent, being high. 
But the percentage of high pressures in excess alcoholics 
hvas little if any higher than for the others. 

f (5) In habitual drunkartls the incidence of arteriosclerosis 
Vas repeatedly been found to be not more than normal, 
arid Ruiler,” who perfonned over 800 autop-sies on Moham- 
meddn pilgrims who bad never imbibed alcohol, found in 
them merial disease ns frequent aiul a» early as in individuals 
who praise no such abstinence. 

(6) TheNactual araotmt of alcobofic consumption per 
diem must mn ays be tal^ into consideration when assessing 
the possible Meets. TTi^fesue is often confuted by those 
u ho class together light winM and beer, which contain very 
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little alcohol, with heavy beers, wines, spirits and liqueurs, 
whose alcohohc content is far heavier. 

Hence there is no direct evidence to connect alcohol 
either with the production of hj'perpiesia or arteriosclerosis. 

In this connection a tale told by the late Sir James 
Jlackenzic is illustrative. An elderly brewer's agent con- 
sulted him because of symptoms of slight angina pectoris. 
Hjqierpiesis of 210 mm. systolic, with a verj' liard pulse and 
thickened arteries, were found. Sir James said to the 
patient, “You must give np beer and spirits.” The reply 
was, “I’m a teetotaller.” “Well then, you must eat le.ss 
butcher’s meat.” “ I’m a vegetarian,” was the answer ! 

Tobacco. — Like alcohol, the immediate effect of smoking 
is a pressor one, which raises both pressures, the maximal 
more than the minimal, and quicken-s the pulse rate by about 
twelve beats per minute. In respect of both alcohol and 
tobacco it should, however, be remembered that experi- 
mental dosage is much greater than the amounts habitually 
absorbed by man, and that in drinlc.s tlie ])crcentage of 
alcohol varies enormously. 

Tobacco smoke contains pjTidine bases and nicotine, the 
latter being the main toxic product. The composition of 
tobacco smoke varies greatly both with the kind of tobacco 
and the manner of smoking. .Most of the nicotine is usually 
burnt up, and that w'hich reaches the mouth is volatilised 
by the hot gases in passing over the unburnt area. A thick 
cigar has the worst effect, since it acts as a cliimney for the 
gases which in a thin cigar or cigarette escape into the 
surrounding air. In long-stemmed pipes much of the 
nicotine condeases before reaching the mouth. Inhaling 
the smoke, however, more than compensates for this differ- 
ence in combustion.** 

In non-smokers the immediate effect of smoking is to send 
up systolic pressure by 10 to 30 mm., the diastolic being 
much less influenced. Within five minutes or so. Sj’stolic 
pressure drops often by .50 mm., with palpitation, pallor, 
sweating, colicky abdominal pains, musccs volilantes and 
weak puUe. 

In those more habituated to the use of tobacco subacute 
symptoms occur only from over-indulgence, or from smoking 
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a kind of tobacco to which tliey are unaccustomed. In 
^casoncd smokers little or no rise in sj'stolic pressure 
result‘d. 

Generally spe<iking, smoking at first increases sj-stoHc, 
eba'tohe ami difTercntial preasures, though later these return 
to normal Excessive smoking lowers the sj'stolic jiressure. 
Middle-aged smokers are liable to precordial stabbing 
pains and angina pectoris, %vhich disappear on girng 
up the habit. In the elderly, sccondarj' arteriosclerosis 
and myocardial chaugiM may be induced.^® 

UoTjn\ all ** has made a series of observations upon the 
effect of chronic tobacco poisoning on blood prc'-sure. 
Patients wath symptonvs of tobacco heart had Rubnormal 
Mood press urcs, the systolic ranging between 85 and 115 mm. 
Hg, the fbaitoUc between CO and 75 ntni. Hg ; the pulse 
rate na" not necessarily rapid, notuithstanding the presence 
of caidiac symptoms. Tlie sjstolic pressure was generally 
Iiiwext uheii the subjeetire sj-mptoms u-ere most pronounced, 
whil't brisk c.xcrcise caused a unifornt fall in both systolic 
and diastolic pressures. A systolic pressure of less than 
HiO mm Hg in an otherwise healthy man is almost certainly 
due to excessive smoking. If there is no evidence of this, 
ojinful search should bo made for symptoms and pliyslcal 
-jgn^ o! active fibro-cascous pulmonarj’ tuberculosis.** As 
igo advances, and as arteriosclerosis becomes more frequent, 
the tolerance for tobacco becomes less.*’ Uigar-smokem arc 
more prone to arteriosclerosis than cigarette or pipe-smokers. 
Exces-iive cigarette smoking causes cardiac irritability, but 
for mo‘'t people moderate use of tobacco does not appear 
to bo miurious. 

Exercise. — In healthy subjects, increase in blood pressure 
acoomp inring physical exertion h in direct proportion to 
volimtarv effort required, and to amount of work done. 
The n-i in pre.ssure mainly results from (a) increa*-c<l 
I mb ic < I >rgy, (5) mental concentration. Unaccustomed 
kind< fif exertion which involve mental effort produce a 

\ Tnuch greater ri'C than jr caused by an equivalent amount 
routine cork, ns, for example, tJic fludied face of 
onev^ilc^^'ninj, to cycle, or of a young barrister conduct- 
*”S Ibi important case. Both psycliical and 
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pliysical factors influence sjT>tolic pressure more than 
diastolic. 

Jlild muscular exercise, such, as valking, tends to lower 
the minimal jjressure whilst augmenting the blood flow, 
pulse rate and differential pressure. Foot racing in healthy 
athletes causes a con«iderable reduction in both sj-stolic 
and diastolic pressures, the differential remainmg almost 
contant. Jlore strenuous exertion increases all of these, 
and, if very severe, the initial rise of pressure may be extreme, 
particularly in those unused to manual labour, through lack 
of automatic adaptation to such efforts. Diastolic pressure 
may be raised by oven as much as 30 mm. temporarily, and 
systolic pressure by as much as 70 ram. In men given to 
arduous muscular work, arterial pressures, tested during 
the intervals of rest, range habitually below the average,” 

Altitude.— -The effect of altitudes of 4,000 feet or above on 
the pulse rate of normal individuaU is to cause an initial 
and temporary’ acceleration lasting for about ten days, 
after which the puUe rate gradually falls. Those acclimatised 
to high altitudes manifest pulse rates which are slow, readings 
of from 34 to CO beats per minute being commonly metuith. 

Faligua. — If exertion be so prolonged and excessive as to 
trench upon the reserve pouer of the heart, fatigue ensues. 
After a transitory rise of pres-sure, mainly systolic, due to an 
effort on the part of the vasoconstrictor centre to maintain 
the pressure head, the centre becomes depressed, uith 
resultant fall of both maximal and minimal pressures. The 
pube rate diminishes, and dj’spnoca and other subjective 
symptoms appear. 

Psychical Stimuli. — Fe.'ir, anger, emotion, worry, anxiety, 
pain and mental activity exert through vasoconstriction a 
pressor effect, and bring about sudden changes m systolic 
pressure. Under stress of emotional crises there may be 
an extraordinary and rapid rise in association with notable 
(luickening of tlic heart rate. Nervous individuals are more 
susceptible than those of placid temperament. In normal 
persons it is usually only the systolic pressure that vanes, 
whilst in the arteriosclerotic the diastolic fluctuates to a 
similar e.xtent. 

The following liistory, told me by a general practitioner, 
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is of psychological interest, since it illustrates tlje dramatic 
rise nliich can occur in systolic pressure as the result of 
sudden and strong emotion, as well as emjihasises the 
importance of not being content uith one observation of 
blood pressure only : — 


The patient vras a man aged fllty-s^rcn, slnppin!; I>uj<inc8s 

ueccRsitatpil liu working «t Inch pressure and making frequent 
long railway journeys On amral at Paddington one fvimng, 
fooling tired out. lie w ent to tlie refrcsliment room and had two glasses 
of hrandy-aiid-sod-i He then took a (ram to his home, some oighUtn 
milea from London, and on arrival went straight to hod and sent for 
the doctor. 

Tlio doctor found his p.ita-nt resllesa and cscitcd, with flushed 
faoc and coniplaimjig of throbbing headache, the piilM- of 00 per 
minute bcuig full and bounding The aierago of three blood 
pressure readings was 2C.‘» min. systolic. The uruie was found to be 
normal. A strong doM- of calomel was given, and cooling applica- 
tions made to the head 

On the following momiog. to the doctiu^^ ^ii^se, the patient 
appeared calm, eheerlul, and free from allJyirfr't^siy, 

'ITie patient, noting the doctor's astoni-mmi’W^uskVl the reason, 
and was told of the rapid fall in btooil n>ri‘<^rv^(ilce the night 
befoTW. llaviiig again {onnd the unne i\ori>tft!Mhe*>al‘ tor suggesteil 
that a '* sudden shock’' might have raiiseilnMifpIidilion, where* 
upon the patient told him that be bad married late in life a wife 
thirty years younger than liinwU Previous to marriage lie had 
been a hard liver and heavy dniiker, but alter a long and tcrnble 
fight became a total abstainer. From that d-iy no alcohol ]>assed 
his lips until the cremog before On letting *lumsell into the house, 
feeling still tired out. he was met by hi* wife, who asked : ” Wial s 
tho matter T ” and delecting the odour of spirit, excl.nmed : “ At 
your old drinking liabifs ag.im. ore you 1 ’ 

The memory of the agony through wliich be had won and tho 
rc.'ilisatioo. whiili then became acute, that he had made a tni-uke 
in marrying a wife so much youngiT than liimw If, together with tbo 
tone in which she spoke, just wemed the breaking point. IXm head 
felt as if it w ould burst ; he clung to the side of the stairs to prei ent 
himself falling, and sent for his doctor 


Normal Puberty, Menstruation, Pregnancy, Labour and 
the Menopause. — (a) PnberUj . — Fmm very early ogc.H there 
is a progressive steady ri®e of arterial pressure up to the 
onset of puberty, then a quickening of the rise up to the 
adult level somewhere between the ages of seventeen to 


y w enty years. 

\(6) Menjilruathn . — During the seven to nine days pre- 
cnlVig tlie nienscnial flow both pres.sures ri‘'e. With tlie 
uiisc^of the period they rapidly fall to reach their lowest 
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levels at its end. During the next fortnight pressiires 
gradually return to their previous standard levels. 

(c) Normal Pregnancy . — In primipara? below thirty years 
of age as a rule one does not expect to find systolic pressures 
of more than 9o to 115 mm. Hg, with diastolic pres.sures 
respectively of from 50 to 75. In multiparrc, probably as a 
result of increased age, iiressures range somewhat higher, 
from 115 to 125 ram. sj’stollc, and 60 to 80 diastolic respec- 
tively. About 60 per cent, of all cases fall within a maximum 
of 125 systolic. Thus, as a re.sult of general experience, 
one may say that, during the whole term of normal preg- 
nancy, arterial pressures are within standard limits, hav'ing 
regard to the fact that the range of arterial pressures in 
women is lower than that for men of corresponding age. 
Initial lower ranges of prc.ssure gradually give place to higher 
ones. During the last three months, however, there is 
usually a slight and gradual rise of arterial pressure m 
conjunction with a definite increase in basal metabolic 
rate. This latter is in all probability not wholly duo to 
grow th of the foetus, but also to enhanced thjToid activity. 

(d) Normal Labour . — Arterial pressures should bo esti- 
mated befof-e, (luring and after delivery. Any rise at 
the beginning of and during normal labour is brought 
about solely by pain, or by voluntary and involuntary 
muscular exertions due to labour. On subsequent relaxa- 
tion, pressures gradually drop during convalescence to 
normal levels. 

(e) Nonnal Menopause . — The normal menopause should 
be unassociated with arterial pressure variations, but in the 
majority of all cases there is a rbe in the maximal and 
differential pressures (t'tdc p. 180). 
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“ In primary contracted Ladncj hyporpiMu is but an incidental coefficient, 
while in hypcrpiwia on the contraiy it srooiil aecni lliat it u the high asstolie 
and diastolic pressures IhemseUes that do the mischief, or most of it ” 

AmirtT: drferi<wef<rosis, 13d3. 

I. Hyperpiesis 

IIxpERPiESia (Gr. vTrep, jTt€<Tt? = over-prevsure), in its 
application to the arterial aystem, means high arterial 
pressure, t.c., a rise of pressure within the arteries from any 
caiLso whatever, nhetherof renal or non-renal origin, tem- 
porary or permanent, physiological or pathological. 

Starting with this definition, wo are thus enabled to trans- 
late the physical principles of the circulation (p. 71) into 
their equivalents and eo formulate a classification according 
to Table VII. 

Table VJI 

Chtsujiealion of Hyperpiesis 

HYPEUPIE.SU5 

Increased artcrul ptwwire from any eiii*o 


iiypciaciiTMiv 

PcTiplicral incrcAse of mustanco from 
any causa (incrcasnl load). 


IiyrERDYNASIfA 
Ccolral incrcssa of dnriB? lore© ol 
heart and great »rt«ric»froin8ny cause 


Primary 

Due to increased 
action of heart 

causes within the 
heart itself. 


fierondartf 
Compensatory m. 
crease of heart 
force with hyper- 
trophy of heart 
and groat 
reosela. 


Steo/viary 
Compctiiiiory in- 
crease of tonic 
contraction nith 
thtckeniDg 
ol wall* ol pen 
j^cral res«la. 


Priniory 

Increase of re- 
sutancefrom pn- 
mory increosi' of 
tone and thKkcn- 
inj! of peripheral 


to UypO'athlhia to Hyperpiena lo Ilgperpittio to flyjierdyHamia 
103 
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In phj'sics all pressures are expre.ssed in terras of force and 
load, so that, in order to avoid the repetition of long and 
cumbersome phrases, I have introduced as corresponding 
ph’i'sical expressions two new words, hyperdjTiamia {xmip, 
Sut'a/it? = over-action) and hyperachthia (vTrep, a^do<; 
= over-load). Hyperpiesia is maintained in its original 
signification. 

On tliis classification hi*perpiesis constitutes the chief 
heading. This includes two siib^idiarj' tUvisions, hj-per- 
dynamia and hj*perachthia. 

Primary hyperdynamia results from any cause vhich 
necessitates the driving poner of tlje heart and great arteries 
being augmented, and in time leads to hypertrophy. 

Secondary hyperdynamia results from hyperachthia, i e., 
increased load, which cau>es the heart and great vessels to 
hypertrophy, e.g., a damaged kidney' produces secondary 
hyperdynamia in the rest of the circulation. Similarly 
arteriosclerosis causes secondary' increase in the force of 
the pump because of the greater difficulty met vith in 
driving the blood through sclerose<l arteries — again a 
secondary hyperdynamia 

Primary hyperachthia, or increase of load, results from 
any cause which increases penpheral resistance, and leads 
to hypertonia, i.e . an increased contractility of vessel 
walls, which in turn, if long continued, induces va.?cular 
hyperplasia. 

Secondary hyperachthia occurs in response to a primary 
or secondary hyperdymamia, as in the case of a primary’ 
arteriosclerosis. 

Secondary hyperdynamia and hy’perachthia respectively’ 
result from hy’pcrpie.sia acting eitlier centrally or peripher- 
ally’. Even over long periods of time it is surprising to find 
that littfe change may have occurred in the heart, this 
organ being affected solely' by increased load. In the 
majority of established cases of true hyperpiesia, neverthe- 
less, the heart becomes overworked and hypertrophies to 
meet the pressure, as evidenced clinically by' some degree 
of enlargement, which can be confirmed by’ X-ray investiga- 
tion, by' more rapid action (sometimes amounting to tachy- 
cardia) and by les<:ened response to effort. Still later, the 
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vessels of the periphery become thickcncii for a similer 
reason in a combined inocess of degeneration and repair. 

Thus the circle is completed, as shown in Table VII., wliich 
inolndes all varieties oj hypcrpietis, and can readily l>e 
adapted for low pressure states by tUcsubslitutioii of “kj'po ” 
for “ h.vper.” 

lidnge of Pressures in Hyperpiesis. — Any dia.stolic pressure 
of 105 mm. or over, and any sj’stolic pressure of KHi mm. or 
over, may be reganled as hyTierpiesi-s, nhicli, as stated 
previously in other words, is not cssenlialli/ a pathological 
condition. 

General Frequency. — Of the total deatlis from all causes in 
England and tViiIes, diseases of the canlio-vasciilar system 
account for more than one-third. In this group appro.xi- 
mately one-fifth show evidences of high arterial pressure. 

^Iffe Ineu/ence. — Hyperplesis may become manifest at anj 
age, most frequently between Uie ages of fifty-five and 
seventy j'cars. Below the age of forty it is relatively un- 
common. 

Sex IncuUncc. — IVomen are affected m slightly less degree 
than men except at the climacterie 

Operalive Rish — As a rule hjqierpietic patients stand 
operation well. The opposite is often the case with subjects 
of low arterial pie-ssurc. 

Varia/jiUlij — One striking fact concerning hyperpicsLS is 
its o.xtreine variability. Apart from the action of dings, 
within a few' days it is ca|)able of dropping from a great 
height to a point only slightly above standard. ITio opposite 
phenomenon equally may obtain. The association of 
arteriosclerosis, which is a constant and .stable condition, 
cannot be invoked to explaui these intcrcgling fluctuations, 
but a variable amount of circulating toxin might renddy 
account for changes in the meilia as well ns the amnll-cell 
liroliferation in the intima. 

Characters. — In well-established hyf)crj)iesis, *• whether 
renal or ii^ot, the vessels arc tightened with blood dammed 
back. The Jieart and main ve.ssols arc so full that the output 
of the ventriqle against the resistance is> less and less, while 
distension of ilUic arteries is pnsheil towards the outward 
limit of their eh!\sticity ; thus t%jir further function, ns aii 
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elastic reservoir between heart and capillaries, of fon\arding 
the blood during cardiac diastole is checked, and diastolic 
pressure rises.” 

Tkt Heart-weight in Hyperpiests . — ^Froni an analysis of 
7,000 poil-mortem cases occurring in twenty consecutive 
years at St. Bartholomew’s Hospital, and from a further 
series of thirty -tw o cases,*® Dr Geolfrey E%'ans finds that a 
heart-weight of 15 oz. or over has some definite relation 
to chronic interstitial nephritis or cerebral ha-raorrhage, 
whereas a heart -weight of from 12 to 14 oz. may occur in 
a great variety of other non-related conditions. ” Idio- 
pathic ” cardiac hypertrophy, i.e.. not due to disease of 
heart and lung, of 15 oz. poif-tnortem is thus a direct indica- 
tion of diffuse hj^perplastic sclerosis, evidenced clinically 
by a systolic pressure of 180 mm or more. In this group 
within the limits imposed by certain factors, e.g., size of 
body, physique and adiposity, the measure of the degree of 
hj'pertonia may bo stated as an increa.ee of 1 oz. in heart- 
weight for each 10 mm. rise in arterial pressure. 

For the reason that the walls of the remaining three 
chambers of the heart nia^' hypertrophy, especially if, as a 
result of leakage of the mitral valve, s-lowing of blood flow 
occurs in the pulmonary circuit. Batty Shaw ** is of opinion 
that left-sided ventncular hypertrophy is a better gauge of 
the direct effect of iu'pcrpic'is upon the heart than the total 
weight of the organ. He gives a scries of cases, twenty-nine 
men and six wom'^n, with lij'pcrpietic hj'pertrophs" of the 
left ventricle uncomplicated by valvular endocarditis, the 
average weight of the whole heart for the men being 1 8 oz. 
(normal 11 oz.), and for the women 14 oz. (normal 9 oz.). 
Greatest increase of carcfrac weight was not found at the 
greatest ages in either sex. This is explained b^’ tlio weaken- 
ing of nil mu.«cles, together with lessening of tissue resistance, 
wWch coincide with advancing ago. 

II. Hyperpiesia 

Hyperpiesia. — From Tiyperpiesis, which includes high 
arterial pressure arising from any cause, it Is useful to 
separate out hyperpiesia, a condition sj.monymou.s with the 



IOC HIGH ARTERIAL PRESSURE 

so-called “ essential arterial hypertension,” a cnrabroiis and 
liybrid terra no«- unfortjinately employed at home as well 
as abroad (p. 78). 

Nature of Hyperpiesia. — As described by Allbutt, hyper- 
piesia IS a clinical morbid series cliaractcrbed by raise<l 
arterial pressure in association with hj-pcrtrojiby of the 
heart and changes in the vessel*, distinct from the recognised 
forms of Bright’s disease. 

It has been suggested tliat one of the primary causes of 
hyperpiesia may be found in a heightened visco«ity of the 
blood, resulting either from a primarj' albinniniemia — a 
colloid phenomenon — or from mixetl colloid and crj’stalloid 
phenomena lUffering in degieo in individual ca^es Height- 
ened blood viscosity is the rule in jfolycythajmia, but of 
fiG out of 189 collecteil cases of this malady invcstigatctl by 
Lucas, m which records of arterial prcs.sure had been 
preserved, in 21 (approximately one-third) the systolic 
pressure waa under I-IO mm. Hence hyperpiesha appears 
tieither to be caused by polycytbeemia nor by increased 
viscosity of the bloo<l. 

Associntioas with other Conditions 

Other accompaniments of Iiyiierpic-ia include proteinuria 
and ocular changes. There arc a!'<* as^nclatiotl•> with .such 
widely differing conditions as cxophtiialmic goitre, asthma, 
gout, lead poisoning, infection* of and Iijcmorrhagcs into 
various organs and tis.sues, paralysis, and other conditions 
too numerous to mention. 

B.atty Shaiv’s ‘'O exlMuslire study of forty-seven cases 
of iiypcrpiesia compels him to believe that luTwrpioin and 
eclampsia are closely ollied toxic states, that both may be 
associatetl with renal dbease and retinal changes, and that 
both m.ay be temporary anil recovered from, or may be per- 
manent and fatal The early symptomatology- suggest* that 
the primary c.iuscs of hyperpiraia are either psychical or 
toxic.®- ®' Endocrine imbalance and vasomotor 
instability are thus probably secom\.\ry, an oveT-resjionsivc 
endocrine-autonomic system svith attendant va-*omotor 
instability in the direction of vafeo-constrLctiou being due in 
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many cases to overaction of the posterior pituitary as a 
result of long-continued psychical stress or sudden and 
violent emotional strain. 

Clinical Features. — Hyperpiesia constitutes a stale of 
primary high arterial pressure in association with a distinct 
train of clinical and jiathological events, recurring in many 
persons with such frequency of association and consistency 
of course as to constitute a disease, which, arising inde- 
pendently of arteriocapillary, renal, cerebral or other 
demonstrable morbid change, after a variable period of 
latency, to which no definite term can be assigned, clinically 
manifests indiWdual characters, the chief of which are 
(1) high diastolic and systolic pressures, persistent but not 
necessarily permanent , (2) left ventricular hj^iertrophy. 
On X-ray investigation the heart is found to be enlarged, 
and an electrocardiogram shows left ventricular preponder- 
ance. 

Hyperpiesia is among the commonest of diseases. It is 
w’ont to occur in subjects above middle age in both so.xes, 
more often in men, and mostly between the years from fifty 
to seventy. The onset is insidious, for in most cases no date 
can be assigned to the initial changes, w'hicb may have 
begun at least twice as long ago as the time at which the 
condition W'as first recognised For variable periods the 
subjects may have fair or even robust health, slight symp- 
toms either having been ignored, or more usually ascribed 
to causes other than the actual, so that by the time that the 
patient seeks medical advice, the condition is already well 
established. 

Types of Hyperpiesia. — ^Two forms are recognisable — labile 
and stable. The early labile form ** presents a curve of wide 
daily fluctuations in pressure, though the general average 
level is definitely high. The lowest fevefs, often to normal 
values, occurs only during sleep. For a true picture of this 
condition, an instrument recording continuous pressures is 
necessary'. This notable instability is more characteristic of 
the labile form of hyperpiesia than the actual heights of 
pressure recorded. The later stable form, as the name 
impbes, shows high levels with much slighter variations, and 
few symptoms, whereas the labile form has many symptoms. 
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The majority of cases have an almornially loir sugar 
tolerance, which may depend nixin p'*ychical lUstnrbance 
leading to a Jack of endocrine balance, gli-cosuria, which is 
at times associated, depending upon this and not upon 
disturbance of pancreatic function. 

In pure hj'perpiesia, moreover, there is no evidence of 
hlood stasis in the capillarj* circulation. 

Among certain authors there has liecn a tendency to divide 
hyperpiesia into various types, such as iwrcxj-smal, lienign 
and malignant. The paroxysmal type is eliaracteriscd by 
temporary’ pressure elevations above a constant high level , 
the “ malignant ” is prolmbly a more rapid and .severe 
form of the same pathological picture that ocoiin* in the 

benign,” usually terminating by iira-mia a.s a result of 
renal failure. 

Irritative influences, which upset circulatory balance, 
whether of tosreniic origin or othensi*<!, tend to induce a 
state of lil-hcalth, increasing the canliac load and tiiiis 
leading to cardiac failure, w-hile the production of arterial 
thickeningand fubscqucntdegeneration dispoM^stonpoJ^lc\.v, 
renal involvement and other stnictiiml changes. 

Pathology.— A. The Vasomotor Centre in the Medulla. — 
Most observers are in agreement that the blood pressure 
raising stimulus, howe%-er uiduced, has to do with the eon- 
trolhng va.somotor centre in the niedulb oblongata Such 
stimulus has been attnlmteil to a heightened scn'-itn cnes«.*^ 
or alternatively, to arteriolar proliferation, claudic.ition or 
toxic damage of its capillaries, or interference with oxida- 
tion.®’ or to artenoloselero«isof the medulla.®* Arguments 
have been advanced, howexcr. against both the latter 
suppositions ®® 

B. The Autonomic-Endocrine System. — I’nder the <lircc- 
tion and control of the medullary va'-omotor centre, regula- 
tion of the circulation i.s largely \e^ted m the autonomic 
endoerme system. Tlie autonomic (vegetative) neivous 
system consists of two physiologically antagonistic divisions , 
namejy, the sympathetic system (katabolit) and the 
parasympathetic or extended vagns .system (anabolic). 

The sympathetic acts with the pituitary. thyTOid, ndreniiU 
and gonad-s. exerting also a considerable influence upon 
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metabolism in general, while the parasympathetic has more 
limited associations with the parathjToids, and with the 
cell-islets of the pancreas over which direct vagus control 
has been proved. 

In turn the endocrine glands activate or depress the 
circulatory mechanisms rid the sjTupathetic nervous system 
by means of their chemical messengers (hormones), a pressor 
influence being exerted by vasopressin (posterior lobe of 
pituitary) and bj' adrenaline, while the cell-klets of the 
pancreas furnish the depressor hormone, vagotonine. 

C. Influence of the Pituitary Gland. — ^For many years the 
thyroid has been regarded as the master gland and activator 
of the endocrine series. Recent experiments on amphibia 
and mammals, honever, go to prove that the differentiation 
and continued functioning of the thjToid depends on a 
thjTToidotropic hormone of the anterior lobe of the pituitary, 
and the functions of the pituitary so far discovered suggest 
that it should now be held to supersede the thjToid as the 
dominant member of the ductless chain in bringing to 
structural and physiological fruition the thjToid, parathjToid 
suprarenals and gonads, thus exerting general effects upon 
the body, and through the thyroid influencing metabolic 
rate. 

This new and striking conception is strongly supported 
by the recent work of Harvey Cushing.^**^ From this it 
appears that the central representation of both sympathetic 
and parasympathetic systems lies in the hj'pothalamus, 
between which and the neighbouring posterior lobe of the 
pituitary (neurobypophysis) there M a definite nervous 
connection. Cushing states that the posterior pituitarj' lobe 
Ijossesses an active principle or secretion capable, among 
other properties, of raising arterial pressure and of diminish- 
ing renal secretion. This active principle is derived from the 
pars intermedia, whose cells, when ripened, become baso- 
philic, invade the pars nervosa and become transformed 
into hj'ab'ne bodies irhich make their way towards the 
infundibular cavity and extrude themselves into the third 
ventricles, in the fluid of which this secretion of the posterior 
lobe may eventually be detectable. In other words, the 
basophile cells normally present in the anterior lobe and 
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pars inteiniedia of the pituitary migrate into the jxjstcrior 
lobe and thence to the third ventricle. 

In hj'perpiesia, and in certain toxasmic states, €.g., 
eclamixsia, characteriised bj' raised arterial pressure, a sub- 
stance indistinguishable in its effects from posterior loho 
extract has been found in the blood stream, but not detect- 
able therein under normal conditions (Anselmino Tlio 
same or a similar substance has been found in tbe blood of 
certain jiatients irith hjTperpiesia (Irvine Page). 

From the abo\-e, Cushing derives the conclusion that 
in^hralive basophilin of thtpars nercosa of the piluilart/ gland 
u an expresaio7i of ftinelicmal overactivalhu of the jmterior 
lobe, and represents the pathological basis of these hyperpietic 
disorders. 

D. Influence of the Adrenal Glands. — The next step is to 
determine as far as possible how this stimulus to pituitary 
overaction is brought about. 

Excessive secretion of adrenaline lias been invoked by 
Vaquez,*®* Josu6 *** and Paul as a cause of raised arterial 
pressure. In support of this belief various reasons may bo 
adduced : — 

(a) '' Preganglionic symiKithetic fibres end in the adrenal 
gland, nhose medullary cells are the syrapathetio ganglion 
cells, and ue have here an interestuig example of n nervous 
structure assuming secretory properties. It is of striking 
interest to find, as Langley sboued, tliat their secretion, 
adrenaluic, has the same effect on any’ part as stinnilation of 
the sympathetic nerves to that part.” 

Thus the adrenal glands are clo'^ly’ related to the sym- 
pathetic, and the effect of adrenaline on any part is to 
heighten the sensitiveness of response to the sympathetic 
in the same uay as by’ stimulating its sympathetic nerve, 
ivhich in turn increases the flow of adrenaline into tlie 
circulation. Reaction to infection and to elementarj’ 
emotional experiences has been explainetl as an emergency’ 
adrenaline response of protective character. The reciprocal 
associations of the thyroid with the symi[vvthetic are similar, 
but katahohe. Jlany' of the high pressures which I saw m 
soldiers invalided for ” disordered notion of the heart ” were 
of this type, sustained endocrine-sympathetic reaction to 
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the fear sense being evidenced by the staring eyes, s^\ eating, 
quick pulse and tremors, r^embling the acute stage of 
hj'perthjToidism . 

(6) Healthy human adrenal glands together contain 
approximately 8 mg. adrenaline, an amount which in high 
pressure states is increased in conjunction with hj-perplasia 
of the adrenal medulla.*®* Bni*®* injected 10 c.c. anti- 
medullary serum intravenously into dogs, and found within 
five minutes a rise in arterial pressure which lasted for over 
ten minutes. 

(c) Alt^iough in hj’perpiesia the presence of adrenaline in 
the blood has not been establisheil, it is, nevertheless, 
probable that a flow of adrenaline into the blood from the 
cells of chromaffin sympathetic tissue in the adrenals and 
elsewhere exerts an influence upon the adjacent sympathetic 
system. An analogy e.Msts in the autonomic system in 
which an " autonomin,” vagotonine, has been isolated bj' 
Santcnoiso in pure form from the internal secretorj* 
portion of the pancreas. 

(d) Primary tumours of the adrenal cortex have been 
found occasionally attended by a jiermauent hyperpiesis, 
and the rare adrenaline-secreting adrenal medullary tumours 
give rise to paroxysmal or permanent hyperpiesis. The 
subjects of chromaffin tumours have manifested paroxysmal 
hyperpietic crises. 

Discrepancies noted by numerous observers between the 
extent of pathological changes in the adrenal glands and 
the clinical appearance of hYTieradrenaljemia, giving rise 
to so much controversy and for which no satisfactory 
explanation has been forthcoming, may, hbwever, be 
rationalised if it be remembered that secretion of adrenaline 
is not limited merely to the adrenal tissue, but is shared by other 
islets of chromaffin sympathetic tissue scattered throughout the 

On the other hand, Cushing *®“ has adduced more recent 
evidence that certain reported cases of cortico-adrenal 
hj’perpiesis are examples of basophilc adenoma of the 
anterior lobe of the pituitary gland. Out of eighty patients 
with various forms of hyperpiesis treated by Abrami, 
Santenoise and Bernal *** with vagotonine, usually by 
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hypodermic iujcction, thirty derived ireminnent benefit, 
the best results being obtaine<I in those \\ith paroxysmal 
crises of h 3 'perpiesis, T»hile several patients did not react. 
“ These results, taken in conjunction with the paroxysmal 
crises of high blood pressure in patients with chromaflin- 
celled tumours of the adrenals, lend support to the view 
that essential hypertension is not due to excess of adrenaline 
in the blood.” 

E. Other Pressor Substances. — Considerable endeavours 
have been made to isolate other pressor substances in the 
blood, due to altered metabolism or to inadequate e.xcretion, 
particularl 3 ’ of protein derivath'cs {vide Chajiter ^TII). 

Since 1924 Major and Stephenson have studied the 
probable ro/c of guanidine compounds in the production 
of raised arterial pressures, and have determined the dail^' 
output of guanidine bases during tJie period of falling 
arterial pressure. This fall coincided with a gradual ri>e 
in output of dimethyl guanidine, the rise being maintained 
for several days after the arterial pressure decline, thus 
suggesting that increased diuresis eliminates an excess of 
pressor substance uhick has l>een retained in the Ixxl/. 

In about half the numl)cr of hyporpielica in a large series 
investigated, Jlajor found an increase in the blood of a 
substance with reactions simihr to tho«o of guanidine. 
Those result.s liave receis-ed confirmation from PfiJTner and 
Myers."* 

Other non-protein nitrogenous substances b\icU as creatine 
and creatinine appear to have no effect in raising arterial 
pressures. 

Since tjTamino may bo proiluccd in rilro from tjTOsino by 
the action of fa?cal bactena, it is not unreasonable to suppose 
that the presence of this substance in the large bonel and its 
absorption therefrom may promote pathological condition.s 
of which heightened arterial pres.sures constitute a prominent 
symptom. As in the case of adrenaline, lengthy administra- 
tion of tjTamino induces renal and vascular lesions akin to 
those wliich so generally accompany pcrsi«tent In'pcrpiesis 
in man. Further, it w of interest to note that there is n 
relationship betueen the amino-acid group, the blood 
nitrogen urea, and tho diastolic prcs&uro so that, if 
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one can coiitrol the dla'stolic pressure by checking absorp- 
tion of pressor amines, systolic variations are of less 
moment. 


Table VIII 


Differential Diagnosis beticeen Hyperpiesia and Chronic 
Glomerular Xephritis 



Unxrple'la 

Ouoflic njomenilar 
XrphritU 

History 

Xo defimte antecedents 

Preceded by suljacute 


nephritis or long latent 
stage. 


Appearanee . 

Robust , often pletbone 

Variable , sometimes 


pallid 

Age . % 

Arterial pressure . 

S0-70}cars Rarcunder^O 
Jlay bo very high, 250 t 
Labiie. often falls ml h rest 

Usually under 40 years 
Moderate or high. 

6'faMc. 

Retinitis 

Uncommon 

Frequent. 

Renal function tests 
Unnarv ftndincs : 

Normal, orsbght changes 

Reveal madequacy 

Volume . 

Augmented. 

Augmented . diminishing 

Sweific gravity . 
Albumin . 

Low ; may be fixe<l , 

Absent or slight trace 

Low and fiaer]. 

Slight in early stage, 
abundant in late. 

Casts 

Absent usually. 

Scanty, hyaline or fatty 

Kcd blood cells . 


Absent without acute 



esaoetbation 

Xycturu . 

Blood findings ; 

Absent 

Present 

Nitrogen retention 

Absent. 

Present 

Anxmia 

Absent orsbgbt 


XJnemia 

In about 8 per cent, of cases 

Fivqnent 


HI. Hypertonia 

Hypertonia (Ajjgiospasm) represents an active state of the 
smooth muscle in the walls of arteries and veins, in contra- 
distinction to high arterial pressure (hyperpiesis) which 
indicates the lateral pressure exerted by the blood upon the 
vessel wall.^^^ 

Normal arteries are barely palpable, but in hTTpertonia 
both qualitative and quantitative changes in hardness 
occur. Arterial hjpertonicity, in larger or smaller areas, is 
met with in a host of disorders. In some the hardness 
persists ; in others it may lessen with time. To realise that 
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long-hardened arteries may suddenly boconio soft, one has 
only to study the vessels of the paralysed side in heniiplcgin. 
Since hardening may coexist with weak cardiac action, there 
can be no necessarj’ connection between hardening and 
increase of blood pressure, though. In general, increased tonus 
is linked with increased pressure, and is compensatory. 

Owing to the presence of smooth muscle in the walls of 
the veins, hypertonia, and even hypertrophy, may also 
occur in these. 

Arteries may varj* considerably in calibre {exile " Tonus,” 
p. 77). Narrow rather than wide is the rule in hjiicrtonic 
vessels. A narrow h3'pcrtonic artery* feels very different 
from a wide one, j-et the former is found in secondary 
contracted Indney cases, wliilo the latter may at times be 
met with in association with arteriosclerotic kidneys. 

To some c.xtent raised arterial pressure mnj’ be differen- 
tiated from arterial hypertonus by instrumental methods, 
yet the varjnng degrees of each cannot bo measured in- 
dependently (p. 115, B, i). 

Associations of Hyperpiesls, Hyperpiesia and Hyper- 
tonia (Vascular Hypertonus). with Arterio- 
sclerosis and Rena! States. 

Persistently raised blood pressures do not neceaearihj 
connote unatomicallj' altered arteries, though presumably 
the muscle elements manifest some increase in number and 
size. That hj-pertroplij' of the vessel wall can, Jiowcver, 
occur m order to keep up n lugli blood pressure lias been 
proved by Alexis Carrel*^ and by Fischer andScbiniedcn.^^® 
who showed that sections of a vein transplanted into an 
artery not only' did not ililafc in consequence of the increased 
j^°ssure, but .ictuall}' became tliickened uith narrowing 
’'eir liimina. 

following schema will bo found helpful in contr«'’ting 
° ''’relating these conditions, nnj- one of wJiich may, 
symp t blend with the others ; — 

tion 0 , (Essential or Benign) High Arterial Pressure 
those whi f 

in man. • . ^ times over long periods. 

relationship 

nitrogen urea, - 
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B. Primary (Essential) Arterial Hyperionus^ or Hyper- 
tonia. 

(а) Temporary. 

(б) Persistent — a “ functional arteriosclerosis.” Of un* 
knoom origin, it may- arise independently, and, ^-hether 
connected with granular Iddnoy or not, is at times associated 
with excess of erythrocytes in the blood, constituting the 
condition known as “ liypertonia polycj'thtcmica.” At first 
latent, subsequently it tends to cardiac hj*pertrophy, \rith its 
congestive states of headache, irritability, insomnia, and the 
like. In the large arteries no foci of atheroma are dis- 
coverable. Increased blood viscosity is a constant accom- 
paniment of polycythemia rubra, but neither probably 
accounts for the rise in arterial pressure which may be due 
to the onset of congestive heart failure in late stages. 

Functional hardness is related to calcification : in both 
the media is affected, and the condition is general and not 
focal. Often, however, differentia! diagnosis is impossible. 

C. Arteriosclerosis. 

(i.) Diffuse lij’pcrplastic sclerosis. 

(ii.) Jtonckeberg’s sclerosis. 

(iii.) Senile sclerosk. 

D. Renal States. — The pathogenetic classification of these 
is as follows : — 

Degenerative — nephrosis. 

Inflammatorj' — nephritis — acute, subacute or chronic. 

Chronic nephrilis may be : 

(i.) Parenchymatous. 

(ii.) Interstitial. 

(i) Chronic Nephritis, General or Parenchymatous . — 
Glomerulitis and inflammatory new fibrous tissue are 
distributed throughout the kidneys, with a tendency to 
association uith cardiac hypertrophy and diffuse hj’p®*’* 
plastic sclerosis. 

Clinically tliis form is characterised by defective elimina- 
tion of salt, with resultant production of oedema and 
ascites. 

(ii) Chronic Inferstilial Nephritis, {a) Partial. — “The 
lesion is limited to wedge-shaped areas of fibrosis containing 
damaged renal parenchyma and more or less small-cell infil- 
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tration. Tlie intervening tissue i"* rclativeb’ normal, and 
the ])arenchynia may Iks hypertropljied.” ** 

Tnie Chronic Intcntitial yephrilis. (6) General . — 
There is liistological evidence of active inflammation, 
and the most marke<l cases of diffuse hyperplastic 
sclerosis are found in this sub-group 

Clinically this form is cliaractcrised by defective 
elimination of u‘a«iteproducl3 of nitrogenous metabolism, 
whicli accumulate in the blood, and is associated with ' 
cardiac hj’pertrophyandcxcessivelyhighand continuous 
blood pressures. 

(c) True Schrosie. — ^This form may again be eub- 
(hvided into two, according as the vascular lesion is of 
the type of — 

(a) The arteriolosclerotic kidney. 

(i9).TIic arteriosclerotic kidney. 

I\\ hyaUne raatcnal » laid down imwittUatcVy beweath 
the endothelium, increasing in amount with progress of the 
disease. This hynlinisation or sclerosis involves the smaller 
aiterioles of the afferent or efferent vessels, but there is 
never a true arteritis It is probable that this damage to 
the arterioles of the kidney is pathognomonic ofhyperpiesia. 

In ()S), there is a dlffii.'.e, cla-stic hyperplasia affecting the 
intima, and causing thickening thereof, which may extend 
only as fur as tlie afferent glomerular arterioles. This is the 
senile form, unless of severe degree at younger nge.'<, when it 
points to hyperpicsis It is of little clinical import, as it 
practically never cau«es renal in.suincienc3'. 

So much confiisioii «5tilJ exists as to the precise meaning to 
be attached to the terms hyperpicsis, Iiypierplesia, and hj'jicr- 
toma. and the«e terms are so loosely used by m.iny writer*, 
tliat the author has deemed it of urgent necc'rity to clarify, 
so far as lies in his power, the current oh®curity which 
eiiwTaps the various asjwits of Itigh arterial pressure, and to 
indicate tlie es-sential differences between them by means of 
the above descriptions of each condition and by Table ni. 



CHAPTER VII 


Arteriosclerosis 

“ Our age IS to be reckoned bytbestatr of oar arteries ” 

Samdel Gee: Jlalieal Leelures. 

To Lobstein (1833) we owe the term “ arteriosclerosis.” 

Since the publication of AJIbutt’s well-known views, this 
complicated problem has been further investigated by an 
able group of contributors under the editorship of Dr. E. V. 
Cowdry in “Arteriosclerosis; A Survey of the Problem” 
(Jlaomillan, 1033). The following description is a brief 
synopsis of the work of these and other wTiters. 

Definition 

Arteriosclerosis may be looked upon as “ a chrome dis- 
turbance of the vessels which manifests itself by deposits of 
the most varied kinds in the vascular walls and which 
becomes irreversible on reaching its climax in vessels 
impaired by changes attending the process of ageing with 
resulting deformation of the lumen and brittleness of the 
vascular walls ” (Aschoff). 


Cnusation of Arteriosclerosis 

As to the {etiology of arteriosclerosis, little definite is yet 
kno^vn. In production there appear to be tw o main elements, 

(1) changes duo to advancing age resulting in distension, 
dilatation and eventual tortuosity of the arteries along with 
trophic disturbances resulting in deposition of waste material, 

(2) pathological changes, which represent the essential nature 
of the malady. 

Tile various suppositions may now be reviewed in greater 
detail ; — 

(a) Age changes do not constitute the whole story. 
Arteriosclerosis in most instances is a senile malady of the 
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vessels, seldom seen Ijelow the age of fifty years and rare 
above the age of seventy years— the '‘decrescent *’ form of 
Allbutt — independent of Iuiohti toxin or rise of arterial 
pressure, but possibly induced by increasing deviation of 
the acid-base equilibrium to the acid side, a metabolic 
phenomenon of advancing years, leading to greater diffi- 
culties in elimination of Tiastc products. 

(6) Physico-mecliauical effects of wear and tear o\er long 
periods of time. 

(c) Psychical effects of long-continued stress and strain 

(d) Trophic disturbances. 

(e) Changes in composition of the blood plasma, and thus 
of the vascular Ijmiph, leading to absorption, infiltration of 
vessel walls and precipitation therein, 

(/) Faulty regulation of metabolism by hormones and 
vitamins ; by unbalanced diets, especially in the direction 
of prolonged mul excessive intake of proteins and lii>o»ls ; 
and by somatic errors of metabolism, as gout, obesity, 
diabetes. 

(g) Specific poisons, such as tho'se of s.iTihilis, lead and 
nicotine ; hormonic over-protluction of pituitrin, adrenaline, 
thyroxin. 

(7i) Heredity. Osier's”® references to good or liad quality 
of the “ vital rubber ” inherited are well knoun, andtuimer- 
ous MTiters have emphasised the part playetl by 

heredity in determining va.‘<ruiar disease 

(i) !^bits. Sedentary habits are thought to di'<j>o'.e. 
Active animals are found to be Jess h’able to arterial changes 
than tbo.se that are more passive. 

(i) Cosmic factors, such as damp, cold, heat. light climate 
and atmosphere, have lieen thought to exert some influence, 
but evidence as to these is vague. 

(k) Acute and clironic infections, as well as intestinal 
toxffimia, have been invokecl, but probably have no eficct. 

(l) Alcohol. In the past, alcohol received frequent men- 
tion 8A a cause of arterioscletosH. Tlie balance of evidence, 
nevertheless, is entirely against alcohol of itself as an 
etiological factor. Out of 283 cases of cirrhosi-s of the liver 
associated with excessive alcoholism in jiersons under fifty 
years of age, Cabot**’ found tiuit only 0 per cent, had 
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arteriosclerosis. In another group of 656 arteriosclerotic 
subjects, only 95 (14*5 per cent.) were under fifty 5’ears of 
age, and of those ninety-five cases only 17 per cent, took 
alcohol. Mohammedan pilgrims, who never take alcohol, 
frequently develop arteriosclerosis.*® 

(m) Environment. Much discussion has arisen as to the 
effect of different industrial surroundings on the health of 
workers. Apart from its specutl dangers, coal-mining has 
been as healthy an occupation up to the age of fiftj'-five 
years as that of an}’ manual labour. After that age, mortality 
among miners rises rapidly, mainly because of arterio- 
sclerosis, which was found by Dickson in 91 per cent, of 
patients, a noteworthy feature being its great frequency in 
youths of twentj’ years or under. Arterial pressure was 
rarely increased. Experts agreed that the physical work 
done by miners does not exce^ that of any class of ordinary 
labourer. Hence the cause was attributed to the situation 
of the uork, either by reason of lack of sunlight or of the 
composition of the air breathed. Thus it would appear 
that sunslune and fresh air are as requisite for middle and 
later ages as for childhood. 

Pathology 

Tlie arterial system is composed of three different kinds of 
vessels : elastic arteries of supply (aorta and its main 
branches), smaller muscular arteries of various sizes in 
muscles, organs and tissues radial), and smallest 

arteries (arterioles). Manifestations of reaction to different 
injuries, though having a broad similarity, differ in individual 
qualities and degrees. 

Probably tbe intima is first affected. The internal elastic 
lamina begins to split. This is succeeded by progressive 
formation of elastic tissue, alterations in the composition of 
which form the chief feature of the arteriosclerotic process. 

The arterial walls may themselvM be divided into three 
layers — intima, media and adventitia. Arteriosclerosis is 
characterised by involvement of the entire vessel wall, the 
relative proportions of intimal and medial affection depend- 
ing solely ujwn the nature and position of the artery. In 
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these several layers chemicnl changes occur resulling in 
deposition of lipoids, calcium and various proteins. Such 
chemical changes in the intima — atheromatosis, athero- 
sclerosis, arteriolasclerosis — should be differentiated from 
calcinosis or calcification ot the media, to which the term 
“ arteriosclerosis ’’ js most often limited. 

Fibrous tissue and elastic fibres may undergo a further 
change into hyaUnisntion. lake changes may occur in 
muscular arteries, hut are then sccondarj' to hj'pertcopliy, 
and perhaps also to hj-perplaaia, of the medial muscle. 

From this pathological consideration one may proceed to 
separate out for discussion fom* main varieties, thougli, by 
reason of the manj* gaps in our present knowledge, neither 
tills nor any other category can bo regarded a.s comprehen- 
sive or final • — 

I. Diffuse h^Tierplastic sclerosis, including arteriolo* 
sclerosis ; atherosclerosis ; atheroma. 

II. Mbnekeberg’s sclerosis. 

III. Senile arteriosclerosis. 

W. Syphilitic arteritis. 

I (A) Diffuse ” Hyperplastic Sclerosis. 

Disease of the tunica intima has been variously termed 
“ diffuse hyperplastic Rclerosjs ” (detailed by Jor68,“* 
Aschoff,^-* GaskelJ and G. Evans *•). “ arteriocapitlary 
fibrosis ” (Gull and Sutton),'® “ atherosclerosis ” (Marchand, 
1904) or in the larger vessels “ atheroma.” 

1. Morbid Anatomy ~{a) Small arteries and arterioles, 
especially of the kidneys .and spleen, are thickened, and pro- 
trude like quills from the cut surface When arterial pressure 
has been raised during life, the larger arlerie.s arc also 
thickened and the hypertrophied niedw api>e.ars as tmns- 
verse ridges on the inner nuriace of the vessel uall. Tim is 
a primary hypertonia, which induces secondarj' cliangcs m 
the larger arteries. 

Thn bnaxt ehnua idiopathic hypertrophy., particularly 
of the left ventricle, a secondary hyperpie-sia to overcome n 
primaK- hypertonia. 

2>.Mbrbid Histolotjy.~'X\m essential lesion is a thickening 
of t^mtima in the smallest arteries, largely due to intense 
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tissue activity, evidenced by STreUmg and proliferation of the 
endothelial cells, i.e., a primary hypertonia.*®® Secondary 
fatty degeneration of these ceUs ensues, leading finally to 
occlasion of the lumina of the terminal arterioles in the 
kidney and of the smallest vessels in other organs. 

The general distribution of the sclerosis is fairly constant, 
the kidney being most often affected (a primary hj’pertonia), 
and the spleen being the best indicator of the degree and 
extent of the lesion in the body as a whole. The splenic con- 
dition records a secondary hjiKsrpiesia, a second site in which 
we may estimate the degree of hypertonia, the spleen tissue 
being soft and reacting readily. 

3. Clinical Aasocialtons. — (o) High blood pressure and 
hyperglycaomia frequently, sometimes obesity 

(6) Idiopathic cardiac hypertrophy. 

(c) “ It is found in children with renal disease, in adults 
with chronic diffuse nephritis, and as on incident when 
death has resulted from «ome other not related cause.” ** 

Christian '** and Wiseman have drawn attention to the 
close relation which exists between atherosclerosis, chronic 
nephritis and certain degenerative cliangcs in the heart, 
which may be unified as the lato stage of an “e'wential ” 
high pressure condition which began many years before. 

Up to, hut not after, age thirty, association with chronic 
nephritis is frequent. 

(B) Atheroma. 

Atheroma is a patch of '* diffu.'=e hyperplastic scIero.sis 
in the intima of large vessels, but there is no histological 
difference between patchy and diffuse atherosclerosis, this 
term well expressing the essential identity of the two 
varieties. 

1. Morbid Anatomy. — Distributed haphazard over the 
aorta and its branches, especially around the orifices of the 
larger vessels, are nodules of various size which form slightly 
raised yelloaish-white plaques. In the abdominal aorta 
these tend to be largest and most numerous. 

2. Morbid Histology. — Similarly to the diffuse hj’perplastic 
form, the essential and initial change is a thickening of the 
intima due to proliferation of the superficial cells and 
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deposition of lipoids, confined to the intiina save where the 
deeper layers are of loose mesh (aorta, carotids, coronaries) 
when the media also becomes involved- Later the thickened 
intima is permeated by elastic fibrils as an essential com- 
pensatorj’ change. These lesions may develop into nodular 
sclerosis or may heal. In certain eases the intimal thickening 
may ho compensatory to a primary affection of the media. 

II. Monckeberg’s Sclerosis. 

A primarj’ medial calcification, especially' favouring the 
limb vessels, not necessarily associated with intimal changes 
nor preceded by lipoid change — a primary calcification of the 
muscle fibres anti the surrounding collagen fibres, leading 
ultimately to necrosis. The process begins in the layer 
immediately adjacent to the elastic layer, and results in the 
formation of annular calcareous plaques. Tliere is little or 
no intimal proliferation, and the not infrequent incidence in 
comparatii'ely young subjects seems to point to some to.\ic 
or infective factor in causation over and above simple near 
and tear. 

The blood has a potent share in the causation of these 
vn.ocular affections, for all disea'vs associated with a largo 
increase in blood cholesterol, such as hypertonia, cartliae 
disease and diabetes, lead to augmented depasition of lipoid.*' 

For the sake of completeness, one may add to the aliove — 

HI. Senile Arteriosclerosis. 

1. Morbid Amtomyt — .A diffuse change, which in estab- 
lished caoes IS often indistingiiislmhle from I. 

2. Morbid Ilisloloyij. — It is primarily a medial degenera- 
tion, beginning with fatty degeneration and atrophy of the 
muscle fibres and affecting both larger and smaller ve-'^sels 
(Klotz). This is followed by roplaecnicnt fibrosis and 
deposition in the medi.'i of lime salts, which, iliiring life, arc 
present in a state similar to that of unset mortar (p. 31), 
solidifying only after death Intimal thickening, either 
diffuse, focal or both combined, is generally on accompani- 
ment. It differs from diffuse hyperplastic sclerosis both in 
respect of site and the characters of its initial lesion. 

3. Clinical AssocialioM. — In this form canhac hyTcr- 
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trophy and raised blood pressure are both entirely absent. 
Senile arteriosclerosis is essentially metabolic in character, 
being probably due to an error in the calcium balance of 
contractile tissues, but may arise from a potash deficiency 
caused through lime excess. In other instances it may be 
primarily toxic. It is doubtful whether purely mechanical 
factors are responsible for its aetiology. In elderly people 
cerebral arteriosclerosis may be mistaken for neurasthenia 
because of symptoms of readily induced mental and physical 
fatigue, lapses of memory and a lack of mental clarity.^*’ 

IV. Syphilitic Arteritis. 

AYhen recent, this constitutes a distinct type, but later 
becomes indistinguishable from ordinary arteriosclerosis. 
The intima is first affected, but all three coats are prone to 
involvement, and active proliferation, largely perivascular, 
may be noted m the adventitia. 

Hyperpiesis and Arteriosclerosis 

Since pathological changes duo to arteriosclerosis may 
occur in childhood, or before the advent of any notable rise 
in arterial pressure, there is no general agreement as to 
whether such changes are dejiendent upon hyperpiesis. 

Evidence is accumulating to surest that hyperpiesis is 
responsible for arteriolar, but probably not for arterial, 
thickening. My own view is that intermittent hyperpiesis 
in the form of angiospasm resulting frxim sympathetic over- 
action tends to induce a state of hypertonia, and that hyper- 
tonia, maintained over increasingly long periods of time, 
gives rise to arteriolar constriction and may eventually lead 
to actual thickening of the arteriolar u’alls {vide Chapter ITII, 
section 8). On this view arteriolar thickening is secondary’ 
and not primary to hyperpiesis. 

The position may be thus summarised : — 

1. Hyperpiesis can run its course independently of arterio- 
sclerosis. 

2. Arteriosclerosis can and does run its course in more 
than half the total number of cases independently of hyper- 
piesis. 



124 


HIGH ARTERIAL PRESSURE 


3. Persistent hj'perpiesia j)er 6t is considered by some not 
to favotir the development of arteriosclerosis.-®* Others are 
strongly of opinion that it does. At present the matter 
should be regaitled as not finally settled. 

Hyperpiesis is independent of Arteriosclerosis 

No support can be found for the view, so long held, that 
the heart has a selective action uhich enables it to overcome 
a general or local resistance due to arterial occlusion *®' *” 
nor for the deduction that hypcrpicsi'» is consequent upon 
arteriosclerosis for which age cliange.s linve been bold 
responsible, in view of the fact that sphj-gmomanometric 
findings have e8tablishe<I both the presence of lijper- 
piesLs in the absence of any factors which induce arterial 
narrowing and, conversely, the ab«enco of liypcrpiesi« in 
healthy and vigorous ol<l men, who!?c pressures remain 
constantly below IflO nira Hg. Indeed, it may now be tal»cn 
as amply proved that nrtcrlo«clcrosis without high arterial 
pressure is a clinical and patholc^cal entily.**’> ***>*** 

Hyperpiesis and Atheroma 

The causal relation between hyperpiesis and atheromads 
supported by considerable e%'it!ence. The readiness with 
which blood serum penetrates the walls of arteries is highly 
significant, and this depends both upon their structure and 
upon the height of the arterial prcfwure. Certain <liets arc 
known to produce atheroma, wtiich leads to the hope that 
a diet capable of staving oR the onset of this disease may 
eventually be discovered. 



CHAPTER Vril 

The Causation and Smnificance of High 
Arterial Pressure 

“ High pressure is an attempt of the organisni to maintain the equilibrium of 
Its circulation ” Aixectt . Diseiue* of Arlenet. 

The primary cause or causes of patliologically liigh 
arterial pressures are not yet definitely establislied. 

Hence this fundamental difficulty confronts us as soon as 
we attempt to get back to first principles. Much confusion, 
too, exists by reason of the many different names employed 
by numerous authors to describe conditions which are 
identical or overlapping, some attacking the problem from 
biological and clinical standpoints, others from a groundwork 
of morbid anatomy and i)athologj% 

"While we are tentatively assured of certain factors being 
associated with the origin of hyperpiesis, we are unable to 
point to anj' one nith a definite conviction of being right. 
Yet the time is probably not far distant when the real causes 
w ill be brought to light, and measures taken that will prevent 
the development of conditions which to-day are responsible 
for a mortality that is far too high. 

Itansitorj' variations from phj’siological standards for 
ago and weight capable of wide mwhfication to meet the 
varjing needs of daily life have been dealt with in Chapter V. 
We now have to consider temporary or permanent variations 
within still wider ranges due to some underlying cause or 
causes of pathological origin. 

CAUSAL FACTORS 

In the light of our present knowledge the following con- 
siderations lend support to a provisional attempt to tabulate 
the causes of raised arterial pressure as follow : — 

1. Compensator)’. 
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2. Jlechanieal — the effect of “wear anti tear ’’ upon the 
cardio-TOScular system. 

3. Hereditary and familial influences. 

4. Arteriolar constriction. 

5. Metabolic influences. 

C. Deficient elimination. 

7. Toxacmic influences, (a) Bacterial, (6) chemical. 

8. Psychical influences. 

0. Endocrino-aympathetic infltiencef!. 

10. Allergj’. 

11. From the interaction of two or more of the above 
causes. 

1. Compensatory Influences to maintain an efficient 
circulation. 

2. Mechanical Influences.— It has been suggested that In 
hyjierpiefiia associated with arterial degeneration, the effects 
arc dwe to “ wear and tear ” upon the cardio-vaecular 
systeQ], the initial qualities of the “vital rubber” condi- 
tioning the degree of artorm] resistance to stresses and 
strains, 

Tlie main mechanical cause of high arterial pros.'.mcs is 
increased peripheral resistance, t “ an augmented frictional 
resistance to the onward iwissagc of l)loo<l from tlie arteries, 
dependent on narrowing of the outlet by active contraction 
of the arterioles or by structural change *’ (i-nfe 4, infra) 

3. Hereditary and Familial Influences. — ^These lui- 
doxifatedly jilay a part, os is seen in cases of congenital 
narrowing of the blood Tesscis, and in tlio'ie winch tend to 
early arterial degeneration by reason of the poor quality of 
elastic tissue of which their walls are composed. Again, 
the quality may vary in different branches of the arterial 
tree. A familj* tendency is detectable in more than one- 
third of all hi.stories.”^ 

4. Arteriolar Constriction. — Formerly it was believed that, 

w ith a constant cardiac output, the amount of blood flowing 
tlirough the capillary circulation svas regulated jirimarily 
by the arterioles ^m which they originate, and secondarily 
hj' the venous pre.«8urc ; in other words, that passive 
dilatation o f the capillaries with ri^e in intmcapillary 
pressure the arterioles dilated, w'liile, when 
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thepe latter contracted, the capillaries by reason of their 
elasticity resumed their state of tonic contraction. 

As regards atiolog}’, (Uagnosis and treatment, however, 
in 1919 Krogh opened up a new and valuable line of 
thought by bringing forward evidence, which has been 
corroborated by Lewis,*®^ Dale ^*®and other observers, 
that the arterial and capillary sj'stems are regulated by their 
own special mechanisms, and thus react and function 
independently. Krogh has proved that not only do the 
capillaries contract and dilate apart from the influence of the 
arteriole'’, but that their calibre when the tissue they supply 
is at rest is considerably less than when the tissue is active, 
showing that the capillaries exist in a state of slight con- 
strictor tone. 

Tifo Proltahh Groups of High Arterial Pressure. — A. With- 
out high capillary pressures. 

That active constriction of the arterioles precedes the 
onset of ojdema and of Immoirhago into the retina can be 
demonstrated most readily in cases of to-vremia of pregnancy. 
From this and other evidence it seems obvious that spastic 
constriction of the arterioles is a significant factor in the 
causation of hjTerpiesis itself and of many of the symptoms 
and complications. Experimental results further show that 
in renal arteriosclerosis the arterioles alone are involved, the 
capillarj’ pressure remaining normal. 

B. With high capillary pres-sures. In chronic interstitial 
nephritis the capillary sj-stera is associated vith, even if 
not the actual cause of, the raised pressure. It is probable 
that the more severe and rapidly progressive types of hyper- 
piesis have their earli^ manifestations in a diffuse lesion 
of the vascular system (diffuse hj-perplastic sclerosis) of 
which involvement of the kidney is only a part, and not, as 
previously supposed, the cause. 

In contrast to extensive fluctuations which occur in states 
of pimple high arterial pressure, the pressure in the capillaries 
is usually normal or even below normal. Thus, a systemic 
pressure of 200 mm. in the brachial arterj’ becomes broken 
down to one of 20 mm. in the capillaries of the fingere with 
corresponding obliteration of the differential pressure.'*® 
This damping down of pressure must necessarily take place 
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in the arterioles, m hicli act as transformers, and has a preater 
effect in regulating capillary circulation than the arterial 
pressure itself.^^* It is the resistance in the terminal vas- 
cular bed which not only reduces high to low pressure but 
converts the intermittent, pnlsating arterial flow into an 
even, continuous capillary current. Hence the real seat of 
rise in systemic arterial pressure lies in increased tone of 
the tiny arterioles, their smooth muscle cells being the 
anatomical tisauca directly concerned. 

Since the blood mass cannot fill more than lialf the 
vascular bed, and since local ra^oconstriction is readily 
balanced by vasodilatation elsewhere, hypcrpiesis *• can only 
arise ivhcn the machinery of regulation is damaged or the 
pressor stimuli are too powerful and overcome the depressor 
mechanism ” 

For euch elevation of pre.‘«ure to be induced, increase in 
tone of the muscle elements of the arterioles must he uidc' 
spread Constriction limited to the vessels of the kidney, 
to the splanchnic area or ex'cn to the c.vtremities is insufli- 
cient to bring about h^^)erpicsi8 

“ In the healthy person at rest the arterial pressure \\ inch 
is normal for that individual is remarkably constant uitinn 
narrow limits, apart from ascertainable disturbing condi- 
tions ; the regulating nenous mechanism (mediillarj' 
centres) is verj' eflicient. But in the high-pressure subject 
this regulating mechanism has cea-scU to ho adequate ; the 
jiresstire remains at an abnormally Jiigh level, and is often 
subject to sudden and extensive variations, sometimes iii 
the absence of any recognisable cau^se or from slight exciting 
influence.s that would have little effect in the normal indi- 
vidual. 'Ihe normal ri^lating mechanism includes the 
depressing or inhibitory effect on the va.^-omotor centre of 
high blood pressure acting (1) directly on the centre, and 
(2) through afferent impulses from the heart, aorta, simw 
caroticus, etc. In addition, there is the controlling influence 
of the vagus centre on the cardiac pump, tlus centre being 
also influenced directly by the blood pres-sure in it nn<i 
reflexly by afferent impulses from the heart, aorta and 
sinus caroticus.” 

\\liat, then, are the underl^dng causes that in high 
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pressure states bring about either temporary arteriolar 
spasm or more permanent vasoconstriction ? 

5. Metabolic Influences. — The precise nature of the 
neuro-humoral impulse that primarily induces neuro- 
hypophysial basophilia, and thus secondarily activates the 
vasomotor centre in the medulla, has yet to be determined. 
It may be that iscbasmia of the centre is brought about by 
a selective constrictor effect upon its arterioles exerted by 
an autogenous toxic substance, itself arising as a result of 
disordered metabolism. 

Up to now no one chemical substance circulating in the 
blood can be invoked as the primary cause. From the 
knowledge afforded by recent biochemical investigations 
into the chemistry of the body, it would not be difEcult to 
assume that all hyperpiesls begins as a disturbance, whether 
as a result of toxiemia or otherwise, of the body metabolism, 
a tissue>reslstanco problem involving cellular, lymphatic 
and arteriolo-capillary balance which varies enormously 
with age and with deviation of the acid-base balance in the 
direction either of acidity or alkalinity. 

6. Reflcient Elimination. — Deficient elimination through 
the kidneys, akin and lungs is another important factor, 
since the body becomes thus unable to get rid of its waste 
material. 

Attempte have also been made to show that, apart 
from the rise in blood pressure associated uith efforts on 
the part of the kidneys to secure effective elimination of 
concentrated urine, salt or protein, heightened blood pressure 
may be due to endeavours of the kidney to secure adequate 
elimination of acid waste products when their production 
is in excess of normal, or when there is some defect , functional 
or structural, in the renal mechanism. Much further 
evidence on the association of acidosis with liigh blood 
pressure is, however, still required. 

7. Toxffimic Influences. — In the cases with normal kidneys 
some prerenal causal factor must be sought for hyperpiesis, 
which is often afforded by chronic toxocmia, induced by ; — 

(o) Bacferial Jnloxicalion . — This arises from septic foci, 
e.g., tonsils, gums, teeth, gall bladder, appendix, etc. Tlie 
intestine is the main source. Bacillus coli being largely 
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responsible. Streptoccal or pneumococcal infection of the 
upper air passages or Jungs causes destruction of red blood 
cells u'ith resultant lessening of processes of oxidation in 
the blood. JB. coli may tlien become deprived of it.s free 
oxygen, and so liave to alter its mode of living. Organisms 
swallowed in the saliva also find their u ay into the intestine, 
so that the latter becomes a nidus for organisms uhich begin 
their activities in the mouth or respiratory system. Tliesc 
can usually he isolated from the focea. After some time the 
liver becomes unable to carry on detoxication adequately 
enoiigh to rid the body of abnormal products of metabolism 
set up by these organisms, the evidence Icing a slow rise 
and fall in the blood sugar tolerance curve, the opposite of 
the normal picttire. It is probable that direct eSects upon 
the blood vessels may be caused by bacterial toxins in like 
manner with syphilis, or that indirect influences may be 
exerted through damage to the kidney during excretion of 
live bacteria. 

Under the influence of infections protcinogenous sub- 
stances may he formed in the blood, capable of inducing 
spasm, similar to those wluch culminate in the eclampsia of 
pregnancy. Under ordinary circumstances they are dealt 
with by the liver, but when the liver suffers as the result of 
infection, these substances accumulate in the blood, and high 
•blood pressure re.sults from spa«m of the arterioles. The 
elJects of toxiemia are most apparent m tlio kidneys by 
re ason of their vital importance, the manifo^^tations produced 
th \is forming only one symptom of the general pol«oning.“* 

All) Chemical Inloxiealum. — (i ) Arising within the body. 

UigSestivetroublesofthenature of spasmand atony ofstoraach 

and^bowels with impaired secretion of digestive juices may 
as a result of sympathetic nervoii.s dy’sfunction. Some 
toxins have lieen identified ; others are only 
surmij^e,] They' are capable of producing states of high and 
low pCjressiire, and originate most frequently m the course of 
intesti)^aj stasis with resultant fermentation, putrefaction 

and ab.^oj.ptjou of poisonous products of incomplete digestion 

into theV IjIoocJ stream. Putrefaction arises most often from 
a high pr<^^tein diet, split products of protein digestion being 
formed thiK lugh faulty metabolism, thus giving rise to 
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chemical poisoniTig which appears to cause endocrine 
stimulation sufficient in amount to produce irritability of 
the vasomotor system leading to initial transitory changes 
in arterial pressure, which later become permanent. 

Biochemistry has shown that chemical bodies of the 
nature of amine bases are formed during putrefaction, e.g., 
skatol, and even during proloi^ed jicptic digestion, the 
various symptoms depending upon pathological absorption 
from the gastro-intestinal tract of different amine bodies, 
some of wWch are pressor whilst others are not. “ Designed 
as an intensive preparation for action or defence, the 
sympathetic response may be so dissociated, perverted or 
prolonged as to disorganise digestion by exciting spasm 
and atony in stomach and bowels and inhibiting the 
secretion of digestive juices ; it may keep blood pressure at 
a level which is inappropriate for the ta«k of the heart and 
the arteries. These effects are not necessarily distinct. 
Thus intestinal stasis from sympathetic inhibition causes 
poisons of putrefactive origin to be absorbed, which in their 
turn lead to vasoconstriction, and hence an unduly raieed 
blood pressure." According to Robertson,'*’ the alijjhatic 
monamines exert a physiological action akm to that pro* 
duced by stimulation of the sympathetic nervous system, 
the most active of the monamines derived from the amino* 
acid cleavage products of protein being tjTamine, which on 
intravenous injection causes a rapid and pronounced rise in 
arterial pressure about one-twentieth of that exerted by 
adrenaline but more prolonged. 

The proof of the existence of intestinal auto*tox«mia is 
the presence in the urine of indican, when constant and in 
undue amount, but in hyperpietic states this is seldom found, 
and injections of indol are without effect upon arterial 
pressures. At the same time, it is probable that arterial 
degeneration in various kinds and degrees results from 
absorption into the blood stream of certain toxic substances. 
The respiratory tract is also another source of chronic 
toxajmia. 

Hence, although we cannot point to any one factor as the 
definite source of origin of supernormal arterial pressure — 
and it is highly probable that more than one source exists — 
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are the opposite of the child. They do not play. They 
have no illusions. They are tense and irritable, with ‘ single- 
track ' minds. While their mental horizon is narrow, within 
this range they are terribly concentrated, and piursue their 
aims with grim desperation. 

“ Many belong to the class of the successful, if by ‘ success ’ 
one refers to accumulation of wealth or pou er that is not 
always accompanied by a 8pirit\»al or ethical uplift. One 
can readilj’ grasp why siich individuals are successful, for 
they throw everjdhing in life aside, especially play, that 
does not directly contribute to theu* purpose One of the 
commonest and most pathetic experiences in medical practice 
is the tragedy of the ‘ successful ’ man. 

“ On the other hand, it is not always the desire for 
‘ success ’ that causes mental conflict. Those who have 
fallen by the wayside, the poor and the meek, acquire 
hypertension as well. Most have lived what may be called 
a ‘ hard ’ life. The struggle for existence has begun early, 
and their life represents little else than a desperate battle. 

“ They have no time for play. Here again the child that 
is in all of u.s goes early, and once gone rarely heeds the 
summons to return. 

“ There is no question in my mind that such constitutions 
are acquired and not inborn. One sees occasionally hyper- 
tensive disease and its consequences common in certain 
families. This is the result of the imitative tendency of 
children.” 

The above graphic picture, though highly coloured, 
delineates a characteristic sub-group of hyperpiesis. Two 
of this author’s points, however, are open to question. The 
first is that which relegates such tyxKs of constitution entirely 
to acquired characteristics, ami ignores the effects of hereebty. 
The second is that which assigns to a certain fixity of mental 
processes a corresponding bodily form. In this coimtry at 
any rate one sees hj-perpiesis of psj'chical (or acquired) 
origin in the tall as well as in the short ; in the nervoxis, 
thin and emaciated as well as in the obese. Nevertheless, 
some cases, including “captains of industry,” do fall 
within the limits described by Moschcowitz, but I have 
found the AX’cII-roxtnded contoxxrs of sxich men commonly to 
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be due to physical causes such as ** business lunches,” public 
dinners, big cigars, lu xurions motor cars and sedentary' occu- 
pations ratlier than solely to a tense mental attitude towards 
life. Certain it is that in the United States the busy public 
man lives continuously at extreme high pressure, as I have 
witnessed, and is quite unable to relax even when playing 
games. He is out to win every time, and concentrates every' 
faculty on so doing. May wo venture to think that our more 
sport-loving countrymen are wiser in their generation in 
that they appreciate more fully the advantages of leisure, 
and are not for ever silting upon the safety-valve 1 

Further research is required as to the biochemical and 
electrical changes which nerve cells undergo during activity. 

to these, wo know that wear and tear of neiwe celU causes 
disintegration of the complex protein and albuminoid 
Bulistanoes of which they are composed, and we nro jitstified 
in drawing an analogy hotween these and the pressor effects 
duo to the breaking down of protein bodies by bacteria. 
Sudden shock”, mental emotion and excitement arc all 
potent in rohing the arterial pressure for the time being to 
extraordinary lieights. whiUt continued worry and anxiety 
conditions have a strong action m promoting vasoconstriction 
over long periods of time, tending ultimately to permanent 
thickening of the vessel walls. 

Of tiie somatic neuroses, in general terms ^vo may say 
that in true anxiety neurosis the blood pressure is often 
raised, whilst in neiir.asthcnia it is usually low. Pseudo- 
neiirasthonia, nevertheless, presents the symptom complex 
of ncnra.sthenia, but these syTuptom.” actually originate 
from hypcrpiesis, with or without arteriosclerosis, ga,stric 
disturbance or chronic nephritis, and the heightened hlood 
pressure will put us on the right track. I Jiave seen in 
consultation patients over sixty in whom tlio presence of 
cancer was suspected by the local practitioner by reason 
of the gradual pallor and Jovs of wxught, these symptoms 
being in reality due to aiterioscIcroaU. 

0. Endocrine-sympatheUe Influences. — ’The importance of 
the syiup.athetic endocrine group is becoming increasingly 
''Ognised. " As l>oth endocrine glands and the sjunpathetic 
ms system became sficcialiscd they remained associated. 
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This association is reciprocal, as not only does the sympa- 
thetic nervous system stimulate the secretion of these duct- 
less glands, but their secretion increases in turn the sympa- 
thetic response. Thus the sympathetic nervous system, the 
endocrine glands, and the gonads form a basic tripod, whose 
relationship is shown in disease as well as in health, and is 
reflected in many of the neuroses and psychoses.” 

This brings us to the question as to whether hyperpiesis in 
its early course is a disturbance of function which leads to 
changes in structure, or whether it is preceded and produced 
by changes in structure. 

If one desires to study the beginnings of hyperpiesis, it is 
necessary to do so before the onset of complications. The 
solution of this problem has been sought through investiga- 
tions of apparently healthy schoolchildren and adolescents.'*® 
Results of such study' go to prove that hyperpiesis begins 
as a transient functional phenomenon in subjects with an 
over-responsive vasomotor sy’stem when exposed to physical 
or psychical stres.s. “ Commonly the blood pressure at rest 
is above normal, but not always. It might be even a family 
trait. Usually the activating cause is apprehension, and 
anxiety for success, the link between the liigher centres and 
the vasomotor centre being too intimate. . . . What is in 
store depends on circumstances ; whether the temperament 
is placid, or eager and over-anxious ; and on the nature of 
the employment. Arterial pressure might remain within 
the normal until the responsibilities of maturity and the 
metabolic imperfections of middle life reinforced the ten- 
dency.” In later life it may be a reaction to the hurry 
and strain of motlern civilisation in the form of a heightened 
excitability of the vasomotor centre. The chief ductless 
glands Implicated are the pituitary and adrenals (which 
increase the sensitiveness of response to the sympathetic 
system under the influence of emotion or of infection), and 
to a less extent the thyroid gland and gonads. 

Case.s of heightened arterial pressure associated with 
hyperthyroidism, adrenal and pituitary over-activity', usually 
with some evidence of hy^pertiophyare not uncommon, and, 
when recognised, adequately explain the rise in pressure and 
suggest appropriate treatment. 
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10. Allergy. — Bishop*” has adrancetl a simple yet tride 
conception of a general cellular di'^order from which few 
celk of flip body are exempt. The heart, blood vessels, 
liver and kidneys suffer conspicuously because of their 
importance and activity, and because of the extra strain 
to n hich they arc subjected by cellular damage. “ Cardio- 
arterio'clerosis ” would thus include hardening of the heart 
and arteries, progressive cardiac failure, Bright’s disease and 
presenility. It is suggestetl that a reactive irritation i.s 
set up against some material with which the cells have to 
deal in the proce-ssca of cellular nutrition, and that this 
irritation, wluch Bishop reganls as allergic in nature, leads 
to cell injury with ultimate destruction and replacement 
by fibrous tis.sue. Ifanifcstations of this take place in various 
organs, e tj., in the eye, causing neuroretinitis, in the kidney, 
causing nephrowlcrosis, etc. 

The extraneous material is believed to be a protein or 
protein derivative from ordinary fooil, or from the bodies of 
bacteria to which the cells of the patient have liecome 
sensitive. Such «ea«itivene«s dates usually from some acute 
illness of the nature of gall-stones, appendicitis, typhoid, 
malaria, etc , or from shock or great mental perturba- 
tion, or again from acute food jiolsoning Strickland 
Goodall,*** who examined 2,000 ea«ea under the ago of 
forty, found that the mwit frequent antecedent of hyper- 
picsis was scarlet fever. These findings favour the infec- 
tive origin of certain forms of hyperpiesU and support 
the view that hyporpla«tie gclerosis of the intima is the 
underlying change. 

Allergy has been invokwl also by R’aldbott as a cause of 
hyperi’icsia, but Cohen. Fincberg and Rudolph are in 
opposition to these conclusions. 

Ilyperpiesis is not necessarily a Symptom of Cardlo- 
arterio-renal Changes 

It u«ed to be thought that persfctcntly increased arterial 
pressure was in every case symptomatic of vascular, cardiac 
or renal changes, each bearing its own individual label, aa, 
forexample.thickeutngof arterial walls, cardiac hypertrophy 
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and impaired renal permeability, these manifestations 
appearing jointly or severally with individual variations in 
kind or degree. 

One fact is certain, namely, that raised arterial pressure, 
transient, intermittent or even permanent, sometimes also 
of high grade, frequently manifests itself in the absence of 
any evidence of kidney disease. 

“ That patients with essential hy^>ertension may later in 
life develop cardiorenal complications affords no justification 
for the conclusion that the primary caasc of the high blood 
pressure lies in the organ or orgaas which secondarily show 
evidence of dkease. Study of histories of patients and 
careful continuous cliiucal observation will reveal many 
patients ^vith hj^ierteasion of fairly high grade and yet with 
no evidence ol myocardial degeneration, arterial change or 
disturbance in kidney function.”*** 

Cardiac decompensation with marked passive h^'persemia 
of the kidneys is associated with a moderate retention 
of non-protein nitrogen in the blood, and the height of the 
blood pressure bears no relationship to the amount of 
the non-protein nitrogen substances m the blood. High 
arterial pressure with normal non-piotcin nitrogen values 
in the blood and normal kidney excretion, determined by 
functional tests and urine examinations, does not justify 
the clinical diagnosis of chronic nephritis. 

In certain cases the rise in pressure is of the nature of a 
compensatory and protective mechanism induced by factors 
which have for their object the maintenance of an efficient 
circulation through the various or^ns and tissues. 

Association of Hyperpiesis with Renal and Myocardial 
Involvement 

Wallgren *** examined kidneys from forty -four patients 
with high blood pressure, comparing them with fifty-one 
controls vith normal kidnej^. Eleven out of the forty-four 
cases (hyperpietic) exhibited blood vessels conforming with 
those in the normal age group. In the remaining thirty-four 
cases (hypertonic) typical nephrosclerosis was found, the 
condition of the blood vessels differing quantitatively, but 
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not qtialUatirely, Irom the changes of normal devolopnjcnt 
and ageing. 

Clinical and pait-mortem diagnoses of nephritis do not 
alnap tally, and the presence and degree of high pressure 
bear no absolute relation to the amount of kidney involre- 
ment . In fact, one or the other may be entirely absent.^®*’ 
Although there are still certain obserrers, including Lian 
and Haguenau,'®* n-ho alB&rm on clinical grounds that 
acute or chronic nephritis is, in certain cases, the exciting 
cause of a transitory or permanent rise in arterial pressure, 
nevertheless cases are recorded by iloschcowit? in \\ hich 
raked arterial pressure and clinical evidences of nephritis 
were present, although the kidneys shoned but slight le«>ions. 
His experimental and clinical observations tend strongly to 
prove that even in coses of definite nepliritis liigh arterial 
pressure may Ijo the earliest deomnstrablo symptom, and 
lend no support to the belief that, nhen associated with 
nephritis, it k of renal origin Rather doe? he incline to the 
idea that artcrioeapillarj’ fibrosis is merely the localised and 
prominent nmnife»tat»on of jv generalised % a?culaT affection, 
nhioh explains the frequency of clinical jihenomena referable 
to other organs. brain, aorta, heart, pancreas, arteries, 
etc. On this vien nrtcriocapillary fibrosj* {diffuse hj-per- 
plastic sclerosis) and arterial disease are contemporaneous 
reactions to the same hurt. In other words, a h\*pertonia 
produces a secondary hyperpiesis. 

The end results of a glomerular nephritis witli secondary 
contracted Iddney and of a primary contracted kidney arc 
morphologically the same. Tlio oaasos must bo identical. 
In the former there is a blood pressure which exceeds the 
normal ; in tho latter vascular lesions occur oven at times 
with normal pressures. 

“Diffuse hyperplastic sclerosis sliares uith chronic ne- 
phritis and chronic interstitial nephritis a common jctiologj', 
which, so far as is known at present, is due to the action of 
bacterial toxins, and both the character of the vascular lesion 
in diffuse hypcrpla.stic sclerosis and tho distribution of the 
lesion in the vascular tree arc compatible with the view that 
it also is caused by a circulating toxin.” ** 

.Such to.vias, however, probably do not act unle«s an error 
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of metabolism is present as tho fundamental basis producing 
a condition of hypertonia -which may induce a secondary 
hyperpiesis. 

It is in accordance with numerous observations that cases 
of renal affection are met with in which hyperpiesis, either 
transitory or permanent, coincides with tho bacterial infec- 
tion or with tho intoxication which induces a process of 
acute or chronic nephritis. 

Hence no should rightly regard tho kidney lesions in 
nephrosclerosis as due to injury of tho vessels, which arises 
from the cause or causes which simultaneoitsly produce the 
high pressure. Moreover, the effects upon the kidney wUl 
vary according as to whether arterioles or capillaries are the 
more directly concerned. 

Like causative factors arc operative in tho production 
of myocarditis, and in all three conditions— raised blood 
pressure, nephritis and myocarditis — disturbance in the 
arterioles constitutes an integral part of the reaction to 
injury. Rise in blood pressure and cedema are thus earlier 
indications of kidney affection than protein, casts and 
erythrocytes in the urine. So, too, certain caitsal factors 
give rise to the appearance of cedema from disorganised 
capillary mechanism akin to its manifestation in stasis from 
cardiac decompensation. 



CHAPTER IX 


Sy^cPTOMATOLoar of Hicn ^biTEntAt Pressitiie 

" Superi«n.sion hu nongH timitaordt'fiited boundaries, and jxivcs greduatl^, 
perbiips cilcotlj’. Into states of disease, as maoifested, for example, by damag^ 
artenea or defeated hearts,'' 

Lost) Dawso:c or Pejes s Proc. Rna. Sne. Juno, 

A. Symptoms of High Arterial Pressure 

In jts earlier stages, and over a period of time varying 
with the individual, a)«rt from transient bleeding, usually 
from the nose, simple and uncomplicated high arterial 
pressure has no symptom^. Imleed, the subjects are oflcn 
conscious of no disability, and feel particularly hale and 
hearty. Many of them up to middle life exhibit n high 
degree of mental and physical activity, the condition liclng 
tbscovered only on medical examination for life assuranco 
or for some minor symptoms for uhich they seek advice. 
Their metabolic processes are usually in excess, but of tbw 
they arc blissfully unconscious. 

From this pre-sclcrotic pha-se they gradually pass into 
a state in « hich vague symptoms and signs afford an often- 
disregarded warning. 

The symptoms of hyperpicsis may be any one or more 
of the following, most of which are due to disorder of the 
circulatory inecliamsm in which the central nervous system 
is involved, certain of them constituting evidences of 
congcfction, cerebral or otherwise, the result of overfilled 
blood vessels. 

The earliest and most frequent subjective disorder of 
sensation of w hich the patient complains is frontal or verlico- 
occipital htadadit, commonly dull, and aggravatcil by 
attempts at mental concentration, less often acute and 
throbbing. Occasionally headache is associated xvith 
dizzviesi on rapid cliange of position, as in rising after 
stooping or getting up suddenly from the recumlicnt jxistnre. 
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True vertigo is rare. Senwitions of fullness or heaviness fn 
the head may be experienced. A symptom often more 
obvious to relatives and friends than to the patient is a 
change in temperament. From being calm and equable, 
evidences of lack of control become apparent in the shape 
of irrilability on slight or no provocation, u ith sudden and 
ungovernable fits of anger. Drowsiness and disindinaiion 
for effort cause social, business and domestic duties to 
become irksome and neglected. Nervous symptoms, with 
or without emotional outbreaks, may occur, particularly in 
women, in whom they tend to become more pronounced at 
or after the menopause Memory is increasingly impaired, 
along with incapacity for sustained mental or physical effort, 
eventually leading to a state of complete exlmistion. Anxiety 
neurosis with vague apprehensions of impending disaster, 
neuralgia, migraine and mild psychic exallatmi with con- 
fusion of ideas may also supervene. With high pressures 
arterial pulsation is often perceptible as a throbbing sensa- 
tion when recumbent, and sometimes prevents sleep. 

In established cases the symptoms attributable to h 3 T)er- 
piesis proper begin to be interwoven with those of the 
precedent, induced or associated morbid conditions. Thus 
the sallow complexion and loss of weight of certain advanced 
arteriosclerotic subjects in conjunction with nervous depres- 
sion, exhaustion and symptoms referred to the gastro- 
intestinal tract may cause the condition to be mistaken for 
neurasthenia unless the arterial prc.ssure be taken. In over 
60 per cent, of established cases of hyperpiesLs, palpitation, 
flushing, precordial pain and dyspnma are apt to occur in 
the absence of primary myocardial or vahmlar disease, 
generalised arteriosclerosis, renal disease or hyperthjToidism, 
Retinal hasmorrhages may be present m about 6 per cent, 
of all cases. A rude awakening may happen fhim one of 
the accidents consequent upon the increasing pressure-load, 
and with fully developed sclerosis of heart, arteries and 
kidneys still more dramatic issues impend and may come 
to pass, often with fatal results. 

The high-pressure individual is often the subject of excess 
metabolism and labours under the strain of acid retention, 
being unable adequately to eliminate waste products. The 
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acid-base balance of the tissues is deviated to the acid side, 
and tissue excess formation, particularly of fat, prejwn- 
derates over destruction and elimination of waste products. 

B. Signs of High Arterial Pressure 

Tlie single sign of uncomplicated lij^perpiesis is the height 
of the arterial pressure recordetl by the apUygmomanometer. 

Effects of Persistently Raised Arterial Pressure on 
the Heart and Arteries 

Protracted high arterial pressure causes the heart to 
enlarge. If. therefore, in « case of high arterial pressure the 
heart is found to be of normal size, one may conclude that 
the heightened pressure has not been of long duration. A 
persistentlj’ raised pressure is bound to lead to general 
cardio-vascular hypertrophy, with sclerotic changes, espe* 
cially m the middle coats of muscular arteries and in the left 
ventricle of the heart. So long as the left ventricle success- 
fully overcomes the re.sistance by adequate systole, progres- 
sive hypertrophy only occurs. Directly it fails to do so, 
and an excess of residual blood remains after systole, 
dilatation gradually ensues with degeneration of tJie mus* 
cular tissue. Whether the arteries dilate or not under a 
persistently raised arterial pressure depends upon their tone. 
The radial arteries, for e.\ample, may have Buflioient ’con- 
tractile power to resist heightened pressures for years 
without becoming dilated and tortuous. Similarly unth the 
aorta, though the brachial artenes tend to become involved 
at an earlier date. Contracted mu.scular tissue, while still 
unimpaired, is elastic and resilient, ilrterial niuwle thus 
permitting the arteries to yield and to recoil 

C. Effects of High Arterial Pressure 

1. On the Heart. — E^en over long periods it is nstonLshing 
to dnd in many cases little induced change in the heart, this 
organ l>eing mfloenced solely by incrodsed load (hyiwracthia). 
Palpitation and tachycardia may be duo to forcible canbac 
action ofnerverus origin, ortoexlrasystoles. In the majority 
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of established cases, however, the heart undergoes hyper- 
trophy as a result of its overload, manifested clinically by 
augmented heart rate and lessened response to effort. The 
slowly progressive left ventricular preponderance can be 
confirmed by percussion, X-rays and the electrocardiograph. 

Subsequently dilatation supervenes, with blowing systolic 
mxirmurs, mitral and sometimes aortic, the latter constituting 
“ the cardio-aortic type of hyperpietic heart ” described bj’ 
Vaquez. Slyocardial degeneration leads to cardiac failure, 
of which increasing breathlessness on exertion is a frequent 
BjTnptom. More advanced cases may sufler from distressing 
nocturnal attacks of dyspnoea, the so-called “ cardiac 
asthma,” with or without Cheyne-Stokes breathing. 

The rule is for myocardial failure, whether or not the result 
of cardiac defeat, to be accompanied by distinctly low 
pressures, but, every now and again, one comes across cases 
of arterial pressure wluch have overtopped the 200 mm. 
mark, associated uith a failing heart and feeble pulse. 
Such coses present many points of interest. ” The first 
explanation that occurs is that the heart is failing behind 
tlie high pressure, but if so, lowering the pressure should 
relievo the heart, wluch, as a matter of fact, it fails to do. 
The next explanation offered was that as the output of the 
heart diminishes, vasoconstriction must occur to diminish 
the size of the bed to be filled, and thus to spare the heart. 
This nould account for prc-ssiwe Iicing maintained at it.s 
normal level, but not for its ri'^ing as the heart fails. But 
we now know that the strongest stimulus to a muscular 
contraction is the previous stretcliing,^** Hence the marked 
hj’pertrophy of the left ventricle in aortic regurgitation, 
where the ventricle is filled during diastole, both from the 
auricle and from the aorta, and so is stimulated to increased 
work. In the same way we may regard the vasoconstriction 
produced tlwough the sympathetic as an attempt, by raising 
blood pressure, to stimnlate the flagging heart, for the 
diastolic stretcliing will bo increased thereby. But when 
thp myocardium is diseased it fails to respond to a remedy 
wliich is at best a dcs|jerate one — the overstretched muscle 
fails to respond and dilatation increases.” 

2. On the Arteries and Arterioles . — ^These vessels may be 



CHAPTER X 

Duo^iosis A^D Progkosis of High Arterial Pressure 

“ II I were allowed to have only two mstromenls o! precaion lor my aid in 
pbyf>ical diagnosa, they would be the stethoscope and the blood pressure 
machine.”— C abot : Leeiurts. 

A. DIAGNOSIS OF HIGH ARTERIAL 
PRESSURE 

Clinical Examination of the Patient. — For accurate diag- 
nosis of high pre.ssure conditions, examination of the patient 
cannot he too careful. I recommend the following order os 
being the most convenient : — 

1. History. — ^This must be taken carefully, special atten- 
tion being directed to • — 

(a) Family history of gout, rheumatism, syphilis or 
alcohol. 

(6) Personal history' of antecedent infections, especially 
nephritis and syphilis ; occupations involving contact with 
lead or involving physical and mental strain ; emotional 
shocks ; long-continued uorry ; too little sleep ; UTong 
habits, particularly as regards over-eating, errors in diet, 
hurried meals, abuse of alcohol or tobacco ; habitual 
constipation ; chronic sepsis, focal or general. 

2. Systematic Examination of the Cardiovascular System. 
— (a) Take several readings from both brachial arteries and 
discard the first. Record the pidse rate and characteristics 

(b) Note position of apex beat, nature of cardiac soicnds 
at apex and Ixith bases, aitcays wiih the chest dared, and 
slafe of superficial arteries. 

3. General Condition of Patient. — Inspect for presence or 
absence of cedema. It should be remembered that hydro- 
static dropsy is of frequent occurrence in patients over middle 
age, of sedentary habit and heavy build, and does not imply 
cardiac failure unless attended by increased general venous 
pressure. Such rise can readily be determined by gradually 
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tho polynuclear cells is on the whole smaller than normal. 
The test should be performed by a trained histologist. 

G. BIOCHEMICAL INVESTIGATIONS 

Tests of Renal EfBclency. — ^Where disturbance of nitro- 
genous metabolism is suspected, recourse should be had to 
biochemical test.s, which are divided into those performed 
on the urine and blood respectively. 

By the former we learn what the patient is excreting ; the 
latter tell us what he is retaining. 

As regards clinical utility’, the latter factor is of much 
greater importance than the former. 

(a) Urinary Tests. — In regard to urinary’ tests, it in\ist be 
emphasised that simple estimation of the amount of urea 
present in the urine, even in a twenty-four hours' specimen, 
is of little value ; in a “ casual ” specimen, it is not only 
useless but misleading. 

Many elaborations of xirinary methods, such as tho urea 
concentration test and its derivatives (Maclean) and the 
water elimination tests (Calvert),**® have been employed, 
but are all open to the practical objection that in anj’ given 
case they may mislead, for it is now recognised that at times 
a person with disorganised kidney’s may be found to con- 
centrate urea within normal limits, while, on the other hand, 
persons in whom no clinical kidney’ defect is apparent fail 
to concentrate urea sufficiently. 

(b) Blood Tests. — “Retention” tests on the blood are 
now regarded as essential, and should be performed whenever 
the functioning power of the kidneys is in doubt, a.s there is 
no purely clinical method of determining this most important 
factor. 

(a) The Blood Urea Test . — The test is performed as follows : 
not less than 3 c.c. of intravenous blood are withdrawn into a 
tube coated internally with sodium 0uoride. This is treated 
with iirease (a ferment derived from tho Soya bean) in the 
pre.sence of a buffered phosphate solution, which maintains a 
suitablepH in the mixture. Tbcammonia is then liberated by 
strong alkali, and is eitherdistilled or aspirated by a current of 
air into standard acid solution arid finally estimated either by 
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titration against standard alkali or colortmetrically after the 
addition of Kessler’s reagent. 

A Ijlood urea content of 40 mgms. per 100 c.c. or under 
is regarded as normal. In the interpretation of figures 
above this, it should be remembered that in acute intestinal 
obstruction high readings may be obtainwl which are not 
necessarily indicative of a failing kidne^’. With this e.xcep' 
tion, a reading above 50 mgms. should l>e regarded as con- 
clusive of some degree of nitrogen retention and as a factor 
in the causation or maintenance of a high blood pressure. 

(/S) Blood Calcium aiul Blood Phosphorus Estimations . — In 
any case of hyperpiesis it is alwa3's of help to estimate the 
blood calcium and bloo<l phasphorus content. In regard to 
calcium, what la desirable to know is the degree of calcium 
retention , the degree of calcium e.vcretion is relatively* 
unimportant In a number of cases of hyporpiesia tlie blood 
calcium figure is found to bo low. On the other Land, in 
many cases of hjTierpicsis with %vhich arteriosclerosis is 
associated the blood calcium figure is found to bo liigh 
{vide p. 123). 


D. PROGNOSIS OF HIGH ARTERIAL PRESSURE 
On accimite diagnasis correct prognosis and treatment 
alike depend. 

'^In any consideration of prognosis in high arterial pressure, 
on^ must take into account the state of the heart, of the 
arten'-P®^ and of the khlneys 

The step is to exclude the presence of ByTilitll-s. The 
next 8te\P differentiate hyj»erpiesia from hyperpiesis and 
hyperto^'® due to chronic renal dwease. In lij'perpiesia the 
progno’’/*** better than in chronic renal disease, more especi- 
ally uh(\'” coining under obscn'ation in its earlier stages. 
HTien obesitj- the prognosis in the majority 

ofense, 

Detcriiu^^”® by* repeated tests ulietlicr o rise in pre.ssure is 
temporarA,' Pennanent. Hie systohe transitory type, 
due to ^ excitement, is commoner in women 

Uian m incXrV diagnosed by the uppeaninco of 

t{V patient absence of cardiac UyiKirtrophy.arUrio- 
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sclerosis, proteinuria, retinal clianges and other manifes- 
tations nhich accompany the fully developed condition. 
Part of the rise may be due to arterial spasm. If uncertainty 
exists, rest for a few days in bed clears up the diagnosis by 
reducing the unstable nervous pressures to s\ithin normal 
limits. 

Favourable Features . — ^The outlook is best where removal 
of severe mental stress brings about a cure, or where the con- 
dition is revealed fortuitously, as during examination for life 
assurance, and the patient is leading a full life without 
symptoms, effort-tolerance being good. With appearance 
and increase of circulatorj’ or renal defects, the prognosis 
corresponding!}’ becomes worse. Maintenance of a quiet 
mode of life, with abandonment of strenuous efforts, fre- 
quently brings about prolonged improvement, For this 
reason the prognosis is better in elderly women than in 
men of equivalent age. 

Unfavourable features are increasetl pressure at compara- 
tively early ages — the younger the patient, the worse the 
outlook ; family history of vascular disease ; a relatively 
high diastolic pressure ; evidences of systemic degeneration 
in arteries, heart, kidneys and digestive tract , limited eifopt- 
tolerance.**® 

Verj’ high pressures are always unfavourable, but pressures 
of moderate grade have to be considered on their individual 
merits, and may be requisite for maintenance of the visceral 
pulse. On the whole, prognosis is far less grave than formerly 
thought. 

Finally, smee prognosis largely depends upon whether 
high arterial pressure is associated or not with clinical 
evidences of chronic nephritis, before expressing any opinion 
it is wise to watch the effect of treatment, and to trj’ daily 
catharsis with sodium and magnesium sulphates. Failure 
to react to treatment of this kind is practically patho- 
gnomonic of the incidence of renal disease,^®® 

“ In many persons, even in the quite elderly, phases of 
high pressure occur wliich prove to be transient ; though 
probably recurrent. JIuch will depend on the biochemical 
reports on the blood and the urine, and on the course of 
diastolic pressures ; ibastohc pressure.? round about 100 are 
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of ill*onxen. Rajpon^e to treatment, on tho other hand, is a 
favoxxrablc sign. The peril lies in the bigger incidents ; in 
canliac defect, or apoplexy, or pulmonary oedema. If, how- 
ever, the high pressures prove to liave a renal origin, the 
prognosis is more sinister, both as to suffering and duration 
of life. Any incidental complications will have to ho taken 
into our reckoning, and the«e aro for more perilous in the 
renal cases. 

“Non-renal hNiierpietics bear surgical operation fairly 
well; the renal very ill.” **' 

The height of tho arterial pressure reading is important, 
though an isolated reading ha.s little more significance than 
an isolated record of temperature. 

The actual pressure-rea«ling on the sphygmomanometer is 
relatively of little account. What is important is the co- 
existence of sjTnptoros and phjTical signs. A subject with 
a moderately raL«cd arterial pressure may be dangerously ill, 
while another with a pressure which is oxcessiv'cly high may, 
nevertheless, have no sjTnptoms and be able to do full work 
over a period of years. 

Thus simple high pressure without unfiivournble sjmp- 
toms, even if it resists attempts at reduction, does not 
necessarily warrant a liad prognosis. If, however, the 
pressure rises rapidly or undergoes sudden elevations, tho 
import is less favowrablotlian when the pressure has mountc<l 
insensibly and keeps steadily at a fixed maxiinum Even if 
tho ri-« is permanent and associateil with organic change.?, 
life may iwssibly lie continued for many years despite 
absence of treatment. 

From time to time patients are seen whoso pressure i? 
continuously elevated apart from detectable cardiac, artcnal 
or renal disca«e. Here llio difficultj' lies in cxclmbng 
sclcrosi? of the cerebral, coronaiy or splanchnic Te»''el«, 
since va«culat change? may be very locali-cd Hence tho 
value of expert ophthalmoscopic examination, which may 
reveal alterations in the /himIms which are significant of 
arteriosclerosis. 

Arterial pres-sure should not be considered as patho- 
logically high unless the systolic pressure is perriatentfy 
above 155 mm. Hg, and the diastolic persialenlli/ above 
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100 mm. Hg, but it should always be remembered that, 
as the result of increased peripheral resistance dependent 
upon tissue changes, arterial pressure rises more rapidly 
between sixty and eighty years of age. A moderate 
elevation of arterial pressure in a middle-aged patient may, 
per se, be disregarded. 

Table IX 


PathologitfiUy High Arterial Pressures 



Systolic. 

Dkstolic. 1 

Excessively high 

230—320 

105—180 1 

Very high 

240—275 

140— ICO : 

High .... 

153—230 

120—130 1 

Suspiciously high if occur- 


1 

ring before age 40 . 

145—150 

00—110 j 


Range of High Arterial Pressures 
Dr. Maurice Campbell has pointed out that there is a 
regular gradation in the relationship between increasingly 
high systolic and diastolic pressures. Starting from lCO/100 


Table X 

Relationship belireen High Stjstolic and Diastolic Pressures 


ATenigD Standard. 

Syatolic. 

Diaatoltc. 

160 

100 

180 

110 

200 

120 

220 

130 

240 

140 
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for every 10 mm. ti?o in the dtostoUc, there is an increase of 
20 mm. in the systolic. 

Basal Metabolism in Ilyperpictic Cases 

In patients with hyperpiesia, whose renal function remains 
normal, the basal metabolic rate taken with Bene<lict’s 
apparatus is usually norma), or occasionally shows n slight 
increase, the average being — 6. In most ca-ses of hyper- 
piesis, hon ever, in wliicli renal function is damaged (primary 
and secondary contracted kidney), with systolic pressures 
ranging from 180 to 270 mm. Hg. and definite cardiac hyper- 
trophy and dilatation, the basal metabolic rate is increased, 
the average being + 18.*** 

Importance of the Heart and Systolic Pressure in 
Prognosis 

In prognosis the state of the heart is an important factor, 
although in many instance^ far too much influence is assigned 
to the heart ami far too little to the arlcnes. The systolic 
pressure is an index ot the maximum cardiac energy, though 
tliis may be profoundly modified by the pulse rate. In 
ca«!03 of permanently high prwwuro the on.«ot of signs of 
commencing licart failure h of the gravest import. Such 
signs arc dyspncca, cyanosis, occasional or grouped premature 
contractions, gallop rhythm, total nrrhj’thmia and con- 
tinuously accelerated pufso rate. Any combination of these 
latter signs is indicative of cardiac defeat. “ IVhat usually 
happens is not simply the wearing out of the heart by exces- 
sive work, but the defeat of a lalrouring heart impaired by 
defective nutrition due to lesions of the coronary circulation, 
and deficient quality of blood resulting from damaged kidneys 
and other organs.” Evidences of the circulation becoming 
inefficient are,,afrortled by notable deviation from the more 
mtraa-l 3 t2 ij. ratio between systolic., diastolic and pulse 
uTCssures. 

SiTterial presamres may remain high during many years 
logjiout inducing cerebral luemotrbage or anginal attacks, 
abovcven shouh^ these latter be severe or brought on by 
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exertion, the prognosis is far less grave than was formerly 
believed.^"^ 

The influence of heredity is important both in arterio- 
sclerosis and in angina pectoris. In angina, if the presstire is 
high, the prognosis is better than if low, for in the latter event 
death often occurs •unexpectedly. A rise in diflerential 
pressure, however produced, is always of much moment. 
Warfield ** states that it is invariably accompanied by 
increase in size of the left ventricle, dilatation of the aortic 
arch and increase in the size of all the distributing arteries. 
The best examples of this s^mdrome are found in aortic 
regurgitation. 

Importance of the Mean Pressure in Prognosis and 
Treatment 

The mean pres<surc is a useful guide to prognosis and 
treatment.®* A rise above previous levels solely of the 
mean pressure indicates the onset of high arterial pressure. 
In established cases, irrespectively of the height of the 
systolic pressure, the height of the mean pressure affords an 
indication of the gravity of the affection. So aho, where 
symptoms are present apart from any material rise in systolic 
pressure, the existence of arterial supertension is suggested 
by the level of the mean pressure which is always above 
120 mm. Hg., and prognosis is correspondingly less favour- 
able, Increase of the mean pressure runs concurrently with 
increase of left venticular or total cardiac insufficiency. 
Latent insufficiency may be revealed by the amount and 
duration of rise of mean pressure consequent upon effort. 
Under normal conditions the mean pressure is not increased 
by effort- 

Further, the mean pressure is useful as a guide to treat- 
ment. Cardiac tonics and rest lessen the mean pressure 
coincidcntly with amelioration in the symptoms and signs 
of cardiac insufficiency. \Vhen a drop has occurred, or 
the level remains stationary at a figure lower than it 
was before the institution of therapy, this may be discon- 
tinued. Failure to reduce the mean pressure indicates a 
bad outlook. 



